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SITE DESCRIPTION. The Ft. Lauderdale Gasification Plant AKA: People's Gas
System Cox Plant was located at the southeast corner of N.W. 4th Street
and N.M. 7th Avenue, Ft. Lauderdale, Broward County, Florida. This plant
produced water gas from at least 1930 until 1959. Only recently were all
aboveground structures and appurtenances removed from the site
[1,2,5-9,17] (F1gs. 1-3).

SITE HISTORY - Manufacturing Information. In 1930, water gas was
manufactured on-s1te at a rate of 8 million standard cubic feet/year (mm
scf/yr.). No additional Information concerning gas production rates or
by-product production rates (e.g., coke, tar, ammonia & other) were
reported [1,3,4] (F1g. 2).

DESCRIPTION OF HAZARDOUS CONDITIONS. INCIDENTS. PERMIT VIOLATIONS AND
PROCESS DESCRIPTION. Prior to the availability of natural gas
(mld-1950's) bituminous coal and coke were "carbonized" or destructively
distilled for the production of Illuminating or blue gas (carbon monoxide,
hydrogen) [1,2,3,4,13]. Coal tar, aqueous ammonlacal liquor and hydrogen
cyanide were common by-products of the gasification process. The uses of
coal tar and Its distillates (wood preserving, asphalt) are numerous,
however, no concentrated effort was made In the United States to use coal
tar before 1887, when tar distillation was established as a separate
Industry [2,3,4]. It can therefore be assumed that; before this time and
for some time after; the coal tar from gasification plants was largely
disposed of at or near the plant site as a matter of convenience. In
addition, poor housekeeping practices are documented to have occurred at
these gasification sites [1-4].

The carbureted water gas process used coke (or coal), steam and various
oil products to produce a combustible gas product. Crushed coke (or coal)
was placed Into the top of a reaction vessel (clay/silica retort) where it
was heated (1700°F) to drive off the volatile fraction. Steam was fed
through the bed of the Incandescent coke, producing a gas containing
hydrogen and carbon monoxide. This gas (blue gas) then passed through two
chambers containing hot fire brick where oil was sprayed into the gas and
"cracked" into gaseous hydrocarbons and tar. A variety of oil-based feed-
stocks were used in the production of carbureted water gas Including:
naphtha, gas oil, fuel oil (diesel fuel) and residuum oils [1-4,9,13]
(Fig. 2).

On 8/16/85, the Broward County Environmental Quality Control Board
(BCEQCB) issued a Notice of Violation (NOV) to People's Gas (Cox Plant)
for an unlawful discharge of Polynuclear Aromatic Hydrocarbons (PAH's).
BCEQCB subsequently collected two groundwater samples (8/23/85) and found
lead (2.33 ppm) and PAH's - Total (539 ug/1). Lead was found at levels
exceeding Primary Drinking Water Standards (PDWS) [4,5].
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On 12/23/85, five back-hoe test pits (Phase 1 Investigation) were
excavated on-s1te (0-6 feet). Soil samples collected from each pit were
composited Into one sample and analyzed for metals. Cyanide (3.5 mg/kg)
was detected 1n the soil sample. No heavy metals were detected above
detection limits [9] (F1g. 2).
In 3/86, four surfldal aquifer, monitor wells were Installed on-s1te as
part of the Phase 2 Investigation. Groundwater samples collected (4/86)
by Environmental Resources Management - South, Inc. (ERM) and analyzed by
Thorton Laboratories, Inc. contained naphthalene (950 ug/1) and trace
amounts of acenaphthene (COX-1). Hater level measurements taken from the
on-s1te, monitor wells Indicated a south-southwesterly groundwater flow.
Naphthalene (<10 ug/1) was not detected 1n upgradlent (background) monitor
well COX-3 [93 (F1g. 3).

BCEQCB lab split samples, collected concurrently with the ERM samples,
contained acenaphthene (213 ug/1), anthracene (.23 ug/1), fluorene (4.7
ug/1) and phenanthrene (1.5 ug/1) 1n well COX-4 [5,9] (F1g. 3).

On 2/4/87, the four existing on-s1te, monitor wells were resampled and
analyzed for lead (total and dissolved), volatile aromatlc/unsaturated
organlcs and PAH's. Acenaphthylene (100 ug/1), anthracene and
phenanthrene (150 ug/1), benzo(a)anthracene and chrysene (75 ug/1),
fluorene (60 ug/1), naphthalene (920 ug/1), benzene (1,360 ug/1), ethyl-
benzene (129 ug/1), toluene (36 ug/1), o+p-xylene (250 ug/1), m-xylene
(186 ug/1) and lead (30 ug/1) were found 1n on-s1te, monitor well COX-1.
Benzo(b)fluoranthene and benzo(k)f1uoranthene (9.7 ug/1) and lead (60
ug/1) were found 1n on-s1te, monitor well COX-4. Benzene and lead levels
exceeded PDHS. No contaminants were detected (above detection limits) in
upgradlent (background) monitor well COX-3 [9] (F1g. 3).
An FDER off-site reconnaissance of the site conducted on 4/5/89 found the
site cleared with no aboveground structures visible. The site appeared
clean with only a few pieces of coal visible on-s1te. The site was
completely fenced, however, the gate was open [8].

D. RCRA STATUS. In 8/85, People's Gas System received generator status 1n
order to dispose of lead contaminated material from the gas holder located
at the Cox Plant. This facility was reclasslfled from generator to
non-handler by FDER 1n 1986 [6,103.

E. NATURE OF HAZARDOUS MATERIALS. Many of the components of coal tar and
coal tar distillates are Polynuclear Aromatic Hydrocarbons (PAH's), which
are highly toxic and known or suspected carcinogens [1-5,7,9,11-133.
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Anthracene, phenanthrene, benzo(b)fluoranthene, benzoCa)anthracene and
benzene are highly toxic and known carcinogens. Chrysene 1s a suspected
carcinogen. Lead 1s a carcinogen of the liver and kidneys. Naphthalene
causes damage to the liver and red blood cells. Benzo(k)fluoranthene Is
highly toxic and emits acrid smoke and Irritating fumes when heated.
Ethyl benzene 1s moderately toxic and might exacerbate liver, lung and
kidney conditions. Toluene and xylene are flammable and affect the
central nervous system, liver and kidneys. Acenaphthene 1s Irritating to
the skin and mucous membranes. Cyanide 1s highly toxic and can cause
cardiac Irregularities [1,2,4,11-13].

F. ROUTES OF CONTAMINATION. Groundwater 1s a known route of contami-
nation. Air and direct contact are potential routes of contamination.
Surface water runoff 1s not deemed to be an Important route because of the
flat terrain and high permeability of on-s1te soils [9,15-18] (F1g. 1).

G. POSSIBLE AFFECTED POPULATION AND RESOURCES. The iinconfined, surfldal
aquifer (Blscayne aquifer) Is the sole-source of drinking water in Broward
County. The aquifer consists of, In ascending order, the Tamlaml
Formation, Caloosahatchee Marl, Fort Thompson Formation, Key Largo
Limestone, Anastasla Formation, Miami Oolite and the Pamllco Sand. The
aquifer 1s composed of Pleistocene to Pliocene Age limestone, sandstone,
sand, shell, Hmemud (mlcrlte) silt, clay and an admixture of these
materials. The top of the aquifer (water table) 1s found 3 to 5 feet
below land surface. The aquifer Is approximately 320 feet thick in the
site area [9,14-16,18] (F1g. 1).
Most area residents and businesses are provided drinking water from the
City of Ft. Lauderdale and Broward County Utilities public water systems.
All the Broward County Utilities wellfields, including the 1A, IB, 3A and
Broadview wellfields, are located more than 4 miles from the site. The
City of Ft. Lauderdale Prospect/Executive wellfield is also located more
than 4 miles from the site. The City of Ft. Lauderdale North Dixie and
South Dixie wellfields are situated between 3.36 miles (South Dixie Well
#11) and 4.1 miles (South Dixie Hell #23) west-southwest of the site
[14,15,17,20,21].

The drinking water supply comes exclusively from the municipal/county
wells. The Cities of Milton Manors, Oakland Park and Port Everglades
receive drinking water (100X) from the Ft. Lauderdale system. Many
private wells are used 1n the area, however, they are used primarily for
lawn irrigation. An inspection of South Florida Water Management District
well completion reports indicates only 4 such irrigation wells present
within 3 miles of the site [14,17,18,28].
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H.

This site Is located 1n an area of Ft. Lauderdale which 1s outside of any
modeled wellfleld cones-of-1nfluence; and 1s 1n an area designated as Zone
IV (no potable drinking water wells) by the BCEQCB [91.
This site 1s situated 1n an area of highly permeable soil, flat terrain
and no flooding potential. There are no paved areas visible on-slte and
most surface water runoff will percolate Into the soil before migrating
any appreciable distance. However, the potential exists for a small
amount of surface water runoff to be directed, via any storm sewers In the
area, to the New River, located 3,100 feet south of the site. The New
River 1s used for recreational fishing (Tarpon) and boating. The New
River Is also a habitat for the endangered (federally designated) Nest
Indian Manatee [8,17,18,22-241 (F1g. 1).
RECOMMENDATIONS AND JUSTIFICATIONS. All the aboveground structures have
recently been removed from the site. However, during the decommissioning
of other gas manufacturing plants, underground tanks (tar separators) were
often left filled with tar or other liquid wastes. We recommend that a
limited geophysical survey be undertaken by the Potential Resposlble Party
(PRP) 1n order to determine the possible existence of any remaining
underground tanks [3,8,9].
Since no public or private drinking water wells serving any type of
population are present near the site and the possibility of any surface
water migrating off-site 1s remote, we recommend No Further Action under
the federal CERCLA program. We defer any future enforcement and
remediation efforts to the PRP, FDER and BCEQCB.
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POTENTIAL HAZARDOUS WASTE SITE
PRELIMINARY ASSESSMENT

•.'.. . ' Part 1 - Site Information and; Assessment

I.
01

IDENTIFICATION

STATE
fl

02 SITE NUMBER
D9841 69268

01 SITE NAME (Legal, common or descriptive name of site)
Ft. Lauderdale Gasification Plant
AKA: People's Gas System Cox Plant

03 CITY
Ft. Lauderdale

09 COORDINATES LATITUDE LONGITUDE
_2 fii _fi 11 _a _3_". !4!L | JL 8_ 0_» 0_ 9J. _Q _2".JL"

02 Street, Route No.
Southeast Corner

04 STATE
FL

05 ZIP CODE
33311

or Specific Location Identifier
of N.W. 4th Street and N.W. 7th Avenue

06 COUNTY
Broward

07 COUNTY
CODE Oil

08 CONG
DIST 17

[1,5,6,8,9] (Figs. 1-3)

II. SITE NAME AND LOCATION

10 DIRECTIONS TO SITE (Starting from nearest public road) - Heading north on 6th Avenue (US 1) take a left (head
west) on Breward Blvd. At the intersection of Broward Blvd. and N.W. 7th Avenue, take a right (head north) on
N.W. 7th Avenue. The site is located 4 blocks north of Broward Blvd. on the southeast corner of N.W. 4th Street
and N.W. 7th Avenue [1,5,6,8,9,17] (Figs. 1-3).

Ill RESPONSIBLE PARTIES

01 OWNER (if known)
Peoples Gas System, Inc. (PGS)

03 CITY
North Miami [1,5-9]

07 OPERATOR (if known and different from owner)
PGS, Inc. Attention: Mr. Ed Champion

09 CITY
Same

02 STREET (Business, mailing, residential) - City Hall
555 N.E. 124th Street

04 STATE
FL

05 ZIP CODE
33161

06 TELEPHONE NUMBER
(305) 893-2522

08 STREET (Business, mailing, residential)
Same

10 STATE 11 ZIP CODE 12 TELEPHONE NUMBER
(305) 351-3400

13 TYPE OF OWNERSHIP (Check one)
_X. A. Private _ B. Federal _
_ F. Other

(Agency name)

(Specify)

_C. State _ D. County _ E. Municipal

_ G. Unknown [1,5,6,8,9]

14 OWNER/OPERATOR NOTIFICATION ON FILE (Check all that apply)
_ A. RCRA 3001 DATE RECEIVED __________ _ B. UNCONTROLLED WASTE SITE DATE RECEIVED

Month Day Year Month Day Year
X_ C. NONE

IV. CHARACTERIZATION OF POTENTIAL HAZARD

01 ON SITE INSPECTION
X_ YES DATE / /
_ NO

BY (Check all that apply)
_ A. EPA _ B. EPA CONTRACTOR _ C. STATE X D.

_ Month Day Year _£ E. LOCAL HEALTH OFFICIAL _ F. OTHER
[5,7,9] (See Narrative) CONTRACTOR NAME(S): ERM - South Inc.

OTHER CONTRACTOR
________ (Specify)

02 SITE STATUS
. A. ACTIVE

(Check one)
X B. INACTIVE
[8,9]

_ c.UNKNOWN 03 YEARS OF OPERATIONS
Prior to 1930 /
Beginning Year

1959
Ending Year

UNKNOWN [1 ,9]

04 DESCRIPTION OF SUBSTANCES POSSIBLY PRESENT, KNOWN OR ALLEGED - This site is the former location of the Ft. Lau-
derdale Gasification Plant which produced water gas for illuminating or blue gas. Coal tar by-product contami-
nants have been detected in on-site, surficial aquifer groundwater. All aboveground structures have recently
been removed [1-4,8,9] (Figs. 1-3),

05 DESCRIPTION OF POTENTIAL HAZARD TO ENVIRONMENT AND/OR POPULATION - Polynuclear Aromatic Hydrocarbons (PAH's) and
heavy metals (lead) are common components of coal tar. Many of the components are highly toxic and known carci-
nogens. Coal tar present in on-site soil may threaten anyone using this site. However, no public or private
drinking water wells are known present within 3 miles of the site [1-4,9,11-13,14,17,19-21] (Fig. 1).

V. PRIORITY ASSESSMENT

01 PRIORITY FOR INSPECTION (Check one. If high or medium is checked, complete Part 2 - Waste Information and
Part 3 - Description of Hazardous Conditions and Incidents)

_ A. HIGH _ B. MEDIUM _ C. LOW _X D. NONE
(Inspection required (Inspection required) (Inspect on time (No further action needed,
promptly) available basis) complete disposition form)

VI. INFORMATION AVAILABLE FROM

01 CONTACT /'' (J /tf ,
ErieS. Nuzie^J. Vfô tL

04 PERSON RESPONSIBLE FOR ASSESSMENT
A. James McCarthy

02 OF (Agency/Organization)
FDER/BWC

05 AGENCY
FDER

06 ORGANIZATION
BWC

03 TELEPHONE NUMBER
(904) 488-0190

07 TELEPHONE NUMBER 1 08 DATE 12 / 07 / 89
(904) 488-0190 | Month Day Year

EPA FORM 2070-12(7-81)
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HAZARD RANnifib SYSTEM SC&Rift6 SUMfcAftt

FOR

FT. UtiKftMLi 8A6IFICATU* COX PiANT
EPA SITE NUMBER

FT. LAUDERDALE
ERiMARD COUNTY, Ft

EPA REGION: 4

SCORE STATUS: IN PREPARATION

SCORED BY Jin MCCARTHY
OF FDER

ON li/

DATE OF TnlS REPORT: li/li/65
DATE Or LAST huDiFiCATiON:

6ROUND MATER ROUTE SCORE : 4.47
SURFACE MATER ROUTE SCORE: 0.31
AiR ROUTE SCORE : 0.00

SCORE i 4.41



SITE: FT; "LAUuERDALt bASIriCATION COX PLANT PA6E ;:

MRS bflOuW) HATER ROUTE SCORE -Biscayne Aquifer

CATE&ORY/FACTOR RAH DATA ASN. VALUE SCORE

1. OifSERvtD RELEASE YES 45 « (See Note 1)

i. ROUTE CHARACTERISTICS
DEPTH TO HATER TABLE
DEPTH TO BOTTOM OF HASTE

DEPTH TO AQUIFER OF CONCERN

PRECIPITATION
EVAPORATION

NET PRECIPITATION

PERMEABILITY

PHYSICAL STATE

TOTAL ROUTE CHARACTERISTICS SCORE: N/'A

A. CONTAINMENT N/H

i. HASTE CHARACTERISTICS

TO*ICiTY/PERSi5TeNCE:LtAD (60ug/l) le-Monitor well COX-4 Refs.2,9,27.
HASTE QUANTITY CUBIC YDS o ,_ , , , Njjjjyjg j (Default value) Refs.9,27.

&AUONS o
TONS 0

TOTAL 0 CU. YDS 1 1

TOTAL WASTE CHARACTERISTICS SCORE: IS

5. TARGETS

MTER USE 1 5
(Irrigation & another Water source available) Refs.9,14,17-22,

DISTANCE TO ttAREST HEU. 17741 FEET(South Dixie Well #11) 27.
AND MATRIX VALUE 0 0

TOTAL POPULATION SERVED 0 PERSONS Ref s .9 , 14 , 17 , 19-
NU*ER OF HOUSES 0 22,27.
NUMBER OF PERSONS 0
NUMBER OF CONVECTIONS 0
NUPI6ER OF IRRI6ATED ACRES 0

TOTAL TARGETS SCORE: 4

GROUND MATEfi ROUTE SCORE (Sgw) - 4 . 4 7

NOTE 1: Acenaphthylene, anthracene/phenanthrene, naphthalene, benzene, ethylbenzene
and xylene were found in on-site, monitor well COX-1 more than 10X the
detection limit of clean background (upgradient) monitor well COX-3. Refs.9,27
(See Fig.3).



SITE: FT. tftuDtfiDfiLt bASIFSCATiON COX PLANT PA6E 3

HRS SURFACE MHTER ROUTE SCORE New River

CATE60RY/FACTOR RAM

1. OBSERVED RELEASE

i. ROUTE CHARACTERISTICS
SITE LOCATED IN SURFACE MATER
SITE MITnlN CLOSED BASIN
FACILITY SLOPE
INTERVENING SLOPE
24-HOUR RAINFALL

DISTANCE TO DGMN-SLOPE MATER
(New River)

PHYSICAL STATE
(Coal Tar - liquid)

TOTAL ROUTE CHARACTERISTICS SCORE:

DATA ASN. VALUE

NO 0

NO
NO

0.1 * 0

4.5 INCHES 3
3100 FEET £

3

3. CONTAINMENT -Pile, No Containment 3

SCORE

0

0

3

<»

10

3

4. MASTE CHARACTERISTICS

TOXIClTY/PEftSi$TENC£:L£AD

MASTE QUANTITY CutiC YDS
DRUMS
6ALLONS
TONS

TOTAL

TOTAL MASTE CHARACTERISTICS SCORE:

le

1 (Default value)
0

5. TAS6ETS

SURFACE «ATER uSE (Recreational fishing 2
& boating)

DISTANCE TO SENSITIVE ENVIRONMENTS 0
COASTAL NtTLANDS NONE
FRESn-MATER WETLANDS NONE
CRITICAL HABITAT NONE

DISTANCE TO STATIC MATER > 3 MILES
DISTANCE TO MATER SUPPLY INTAKE > 3 ftiLES

AMD
TOTAL POPULATION SERVED

Ntift&ER OF nOuSEo
OF PERSONS

tK Or CONNECTIONS

MATRIX VMUte
0
0
0
0

NUMBER OF IRRIGATED ACRES

TOTAL TArttJETS SCORE:

Refs.9,17,27.
Refs.9,17,27,

Refs.26,27.

Refs.8,17,27.

Refs.1-3,9,11-13,27

Refs.9,27.

Refs.2,3,9,27.

Refs.9,27.

Refs.8,17,23,24.

Ref.17.
Ref.17.
Refs.17,22,27.

Refs.14,17.

Refs.14,17.

SURFACE MATER ROUTE SCORE tss**i = 5.31



'SITE: FT. LAUDExDHLt GASIFICATION COX PuAtiT WfcE

HfiS AIR ROuTE SCORE NOT SCORED

CATEGORY/FACTOR RAN DATA ASK VALUE SCORE

1 . OBSERVED RELEASE N O 0 0

£. WASTE CHARACTERISTICS

REACTIVITY:
MATRIX VALUE

INCOMPATIBILITY

TOXICITY

HASTE QUANTITY CUBIC YARDS
DRUttS
6ALLONS
TONS

TOTAL

TOTAL NASTE CHARACTERISTICS SCORE: N/A

j. TARbETS

POPULATION «imiN t-ciiLE RADIUS
0 to 0.25 Hiie
0 to 0.50 Rile
0 to 1.0 Mile
0 TO i.O Miles

DISTANCE TO SENSITIVE ENViRUNKE*TS
COASTAL HETlHNDS

CftlTICAi. rtilTAT

DISTANCE TO LAND USES

PA*\/FuKEST/ttSi&£hTitt.
AERICULTURAL LAND
PSIME FAS«LAND
HISTORIC SITE tllTmh VIEH?

TOTAL TAR6ETS SCORE: N/H

AIR ROUTE SCORE (Sa> * 0.00
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SITE: FT. LfluuEftMu SASiFiCATlON C0)i
«5 OF li/11/69

6ROUND MATER ROUTE SCO«E

OBSERVED REttftSE 45
MA5TE ChAftACTEftiSTiCS X \5
TARBETS X 3

= Ha5 /57,330 X 100 = 4.47 » Sign

SURFACE UATER ROUTE SCORE

ROUTE CHARACTERISTICS 10
CONTAINMENT X 3
UABTE CHARACTERISTICS X 19
TARGETS X 6

* 3420 764,350 X 100 * 5,31 = Slsn

AIR ROUTE SCORE

OBSERVED RELEASE 0/35,100 X 100- 0.00 - Slair

SUMMARY OF MIGRATION SCORE CALCULATIONS

S S0£

GROUND UATER ROUTE SCORE (Sign) 4.47 19.96

SURFACE UATER ROUTE SCORE (SlsM) 5.31 26. £0

AIR ROUTE SCORE (Slair) 0.00 0.00

soeigw + soeisH + soaiair
4 (SOiigt. + SCtl5* * SCClair) 6.94

SIM s J (SOSlgw + SOElsM + S021air)/1.73 4.01
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Attached is part of an EPA document entitled, "Survey of Tar
Waste Disposal and Locations of Town Gas Producers." These
former gas manufacturing sites should be investigated
for potential contamination due to coal tar/ a by-product of the
manufacturing process. Coal tar contains polynuclear aromatic
hydrocarbons and phenols, and possibly volatiles and metals. An
assessment of the Peoples Gas facility in North Miami Beach has
shown the presence of these organic compounds in soil, sediment
and ground water. The SE District has developed a Consent Order
to address the problem and I would like this to be the model
order for any other site you find of similar nature.

Please have your staff work with Eric Nuzie and his people to
conduct preliminary assessments of these sites. The
investigation shall include a file search and a windshield survey
and further assessment should be prioritized by the potential for
direct skin contact or drinking water well impact.

We understand that most of the plants have been dismantled or are
being dismantled. The sites may be paved over or occupied by
buildings. Additional information regarding the Peoples Gas
sites has been requested by the Bureau of Operations (Zoe
Kulakowskl) and will be sent to you when it becomes available.
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cc: John Puddell
Eric Nuzie

'Zoe Kulakowski
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Appendix B

IDENTIFICATION OF TOWN GAS MANUFACTURING SIT£S -
ALL PLANTS (1890 - 1950)

This appendix contains the detailed data concerning gas
production, by-product production, and manufacturing processes
reported for each decennial year for each plant. The following •
explains the information included under each column heading of
the table:

City - This column heading contains the city name in
which the reported plant is located. The cities are arranged
first by chronological order (based on the first decennial year
found in Brown ' s) and then alphabetically by city name. As men-
tioned above, there is almost always a one-to-one correspondence
between city entries and plant sites. There were, however,
instances where several sites vere listed under a single city
entry. This was usually a result of consolidation of nearby
plants, which were, listed separately in previous years. Thus,
these previously listed plant sites are separately included in
the total site tally (see Table 1). Although local addresses
were reported in later editions of brown ' s . these were not
included since the reported address did not necessarily refer to
the plant site (the address may refer to non-manufacturing
locations: e.g, main office).

Year - This column lists the decennial years for which
data were compiled (from 1890 to 1950). These years are
repeated for each city entry.

•»

Status - The symbol in this column (refer to legend)
indicates the status for a particular year. The possibilities
are that the plant (in that year):c

3-1
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c

1. i'Sanufactured gas (*),
2. Purcnaseo gas (?),
3. Only supplied natural gas (N),
4. Did noc rtporc data, or no information was found

(0),
5. Discontinued operation (X), or
6. Was not yet in existence (blank)

Once it was determined that a plant was a natural gas
supplier, solely a purcnaser of gas, or discontinued gas manufac-
turing operations, data for subsequent years were not compiled.
This is indicated by a "-" under the status column.

Gas Type - The entry under GAS TYPE indicates the
specific type of manufactured gas: coal, water (or carburetted
water) , oil, or other. The definition of each gas type :'.s given
in Appendix A. It is possible that more than one type of gas
was produced; this is indicated by multiple entries under GAS
TYPE separated by commas. For example, the entry, "C,W", means
that both coal and water gas. were produced that year.

The gas type was usually either specified in the
reported annual production or determined from the listing of
process of manufacture. For example, the use of the Lowe pro-
cess almost invariably indicates the production of water gas.
When the gas type could not be determined from the available
information, a "?" was entered under GAS TYPE. Occasional
inconsistencies were found between the annual production and the
process of manufacture information reported in Brown's. These
were attributed to the subjective nature of the surveys, on
which the reported data were based. 'In these cases, the annual
production information was considered more reliable than the
reported process of manufacture.

Z-2
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Gas Product!'on Rates - Annual gas productions are
reported separately for coal, wacer, oil, and ocher cypes of
nanufACcured 8as i-n units of million standard cubic feet"under
ctiis coluan (rounded co the nearest MM scf). The production for
carburetted water gas, which is essentially enriched water gas
(see Appendix A), was included in the water gas column. "Other"
cypes of manufactured gas usually referred to coke oven based
gas. The sun of these productions for a particular plant is
also shown for each year. This sum, however, does not include
values enclosed in parentheses or brackets, which are discussed
next. Whenever production data were not reported in Brown *s,
the following information was reported instead (listed in order
of decreasing reliability):

1. Annual sales - This is usually equivalent to the
annual production unless the company consumes
(wichin the plant) or purchases significant
amounts of gas.

2. Half of the maximum yearly output - The annual
production can be estimated as' 180 days/year times
the maximum daily sendout, or one-half of the
maximum annual output. This is based on a rule of
thumb reported in Brown's.. This estimate is shown
in square brackets ano is not included in the
totals or average productions.

3. Population served - The annual production can be
roughly estimated as one million cubic feet/1,000
of population served based on a judgment of the
correlation between population served and gas
production. This estimate is shown in parentheses
(in units of 1,000 of population or million cubic
feet of gas) in Table B-l and is not included in
the total or average productions. This informa-
tion is reported only when the above data were
unavailable.

Where none of the above information was available, a "?" is
shown under this coluan.
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C
Occasionally, only one production was reported in

Brown' s although it was determined that core than one gas type
was being produced (almost always coal and water gas),as .indi-
cated in tne GAS TYPE column. In these cases, it was assumed
that coal gas was produced and the production was entered in
this coluon.

Gasif ier /Process - The process of manufacture or gasi-
fier type is shown in this coluon as reported in brown' s. Due
to the variety in water gas processes (See Appendix A), the par-
ticular water gas process was usually specified wnereas details
regarding the manufacture of coal gas were reported infre-
quently. The indication of a particular process does not
signify that only the associated gas type is produced; the gases
which are produced are shown in the GAS TYPE column.

By-Product Production Rate - The amounts of coke, tar,
/" ammonia, or other by-products of concern are reported separately

under this column. The sun of these by-product productions for
each year was not calculated because each type of by-product
production is reported in different units (refer to legend for
corresponding units). As can be seen from Table B-1, such data
were not available in Brown's until 1920. For a significant
portion of the plants, the amounts of by-product made and sold

'were reported (most frequently for coke). In these cases, the
net amount (difference between by-product made and sold) is j
reported (in parentheses) since it is this unaccounted for
amount which is important in this study. When the amount sold
is greater than the amount made, a "(-)" is shown. Such nega- '
tive values can be attributed to sale of by-products produced
either in other years or from non-gas manufacturing operations.
The net values are not included in the calculated average.
Unsold by-products are the materials which may have become

j
wastes and disposed of. j

/
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Miscellaneous I n f e— • a-- 'an T--^—.m c.,is =o^n ^ludes cecils -o7 .o£::-!;£ C7i.e:.1i7o:aowi
by-product,. consolidations of coopanies . oul tiple~s!tes ^
unconvencional feedstocks. '"es. and

ta s :::n
«„.,. values of the pUnt data ..ported directl, a o t
oated 8as production (as indicated by parentheses or bracket
or net by-product productions Uere not induded in these
calculated average values.

1C should be noted that chese values are averaged <o-
only the years in vnich production of each particular typ It
gas uas produced. The calculations used to arrive at the e
values vere discussed in the subsection ex?lai.,ing Table "

^^ •
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LEGEND Fi .-< T.A3LE S-1

STATUS
•

* - manufactured gas for that year
X - Discontinued/Uut of business that year
0 - Not found for that year
C - Consoliaated with another company (see comments)
N - Natural gas supplier for tnat year
P - Gas purcnased from another fira tnat year

COMPANY

- "City name"
G - Gas
E - Electric
F - Fuel
L - Light
H - Heat
P - Power
flfg - Manufacturing
Co - Company

GAS TYPE

C C - Coal gas
^ W - Wacer gastv - Carburetted water gas

0 - Oil gas
N - Natural

GAS PRODUCTION RATE

- Production race of gas in million standard cubic
feet (MM scf)

- Population served in 1 ,000 (reported when
production unavailable)

[#] - Production rate estimated from 1/2 of maximum
output (MM scf)

GASIrlER/PROCESS

F --Flannery
G - Grang-er
K-L - RanIon
J - Jeraanowski
J(B) - Jeraanowski (baby)

) J-L - Janeway-Logan (Oil)
I K - Kendall (Oil)

I
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C L£C£riD FOR TA3LE 3-1 (continued)
V

GASIFIKK/PKOCESS (Continued)

M-C - McKay-Critchelow
P - Patton (Oil)
S - Springer
S-G - Smith-GoIdthorpe
V-Si - Van Sickel (Oil)
V-St - Van Steenburgh
W - Wilkinson

BY-PHODUCT PRODUCTION RATE
3

Coke - a x 1Ot tons or coke produced that year;
(a)x 10 tons of coke unaccounted for that year
(calculated as coke made minus coke sold).

Tar - b x 10 gallons of tar produced that year.

Ammonia - c x 10 Ibs of ammonia produced that year.

Other - Amount of by-products, other than above, produced and
report-ed that year (see rllSCiLLANEUUS INFORMATION for

/*" more 'details).
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Gasification

by James F. Villaume, Philip C. Lowe and Dennis
F. Unites

Introduction
Following Great Britain's lead, city coal gasification

plants for the production of illuminating or blue gas
were installed in Baltimore in 1816, Boston in 1822 and
New York in 1825 (Rhodes 1979a). In these early plants,
bituminous coal was "carbonized," or destructively
distilled, in small cast-iron retorts at temperatures of 600
to 800 C (1,112 to 1,427 F). By 1920, there were 917 gas
plants in the United States (Rhodes 1979b). With the
availability of natural gas, most of these plants ceased
operation by 1947.

Coal tar and an aqueous ammoniacal liquor were
byproducts of the gasification process, as was hydrogen
cyanide. The uses for coal tar and its distillates are
numerous; however, no concerted effort was made in
the United States to use coal tar before 1887, when tar
distillation was established as a separate industry in
Philadelphia (Rhodes Il979a). It can therefore be
assumed that, before thfe and for some time after, the
coal tar from city gasification plants was largely disposed
of at or near the plant sile as a matter of convenience

Because of such disposal practices and because of
the toxicity of some coal-tar components, such as
anthracene and benzo(a)pyrene, many of these sites are
now being identified as environmental trouble spots
(Smith 1979; Hult and Schoenberg 1981; Yazicigil and
Sendlein 1981; Ehrlich et al. 1982; Marean 1982). One
such site in Burlington, Vermont, appeared on EPA's
original list of 115 priority Superfund sites, and the site
which is the subiect of this paper appears on the
expanded list of 418 priority Superfund sites and was the
first site in the nation to receive emergency Superfund
money (Lafornara et al. 1982; McManus 1982; Unites
and Houseman 1982: Villaume 19821 Also, with the
current interest in this country in in situ coal gasification,
much attention has recently focused on the production
and fate of coal-tar contaminants in ground water
iCampbeil <?i al. V978; Dalton and Camphcil 1978:
numenick and Slovak 1973; Humenick and Miittox
197?; Mattex ohri Humenick 1979: Mcttox and
Humenick 1980i and Coatcs PI al. (1982) rrrentlv high-

lighted the problems associated with coal-tnr waste-,
from steel industry coking operations.

The Stroudsburg SiJe
History

The Stroudsburg coal gasification plant is located in
the borough of Stroudsburg alone the west bank ot the
Brodhead Creek (Figure 1). The plant was built sometime
in the mid-18GOs and wss oper.ited until 1939. None o
the original structures remain.

Figure 7. Genera/ location map of the coal-far
ront.imiri.if ion silc at Stroudsburt;.
Pennsylvania

The coal gas was manufactured by placing pulver-
ccol in a reaction vessel, where it was heated to
off the volatile fraction. Superheated steam was

then passed over the hot coal to produce a gas-steam
mixture. Finally, this mixture was blown down into one
of Several large holding tanks ("gas holders"). where the
steam condensed, leaving a gas at the top and a liquid
containing coal tar at the bottom. Coal tar was also
produced in the reaction vessel, which was cleaner! out
after each batch of coal was burned. Based on cnai
consumption records and known rates of coal-tar pro-
duction, it is estimated that the plant could have pro-
duced as much ns 16 million gallons of coal tar during its
ne.irlv 100-vc.ir onrr.ir.nij life iLitornnra t?t ,ii. 1082V

Early in tiv» operation of the plant, the coal tsr was
considered stnctlv u waste product. Interviews witn
former emplovees onci arpj evrwit nesses reveaicd that,



re.K'.on ies>el jno placed 1:1:0 .m ;>n«>r, ; tenth nhu'i
ian ^ong the wrMi'in eilgv or the - - te and e\emu.ili\
discharged into Brodhejd Creek. The water and tar
which collected in the holding tanks was simplv blown
down onto the ground next to the tanks (L jloi nara ot al.
1982).

Later, as technology developed for reprocessing the
coal tar during the-early 1900s, the material was "puri-
fied" on-site to remove the commercially valuable
constituents. The remaining residue was disposed of in
an underground injection well located near the boiler
house (Lafornara el al. 1981). The exact location of this
well was determined from old insurance maps on file in
the Library of Congress; however, its depth could not
be ascertained. This practice continued until the plant
was finally abandoned in 1939. (Hult et al. [1981) note
the similar use of a 1917-vintage well at the coal-tar site
they investigated and the authors are familiar with
another city coal gasification plant near Slroudsburg .
where both the plant and the underground injection
well are still intact.)

In 1955, the Brodhead Creek experienced its
greatest flood of record as a result of Hurricane Diane.
The extensive property damage caused by the flood
water prompted the Army Corps of Engineers to modify
the stream channel between 1958 and 1960. This modifi-
cation consisted of straightening several reaches of the
stream and placing the channel within a f loodway lined
by riprapped leveet.

After construction of the levees, the stream bed
experienced downcutting of some 6 feet in 20 years. To
protect the levees from possible undercutting, the rip-
rap was deepened an additional 10 feet in 1980. During
this activity, coal tar was identified in the open trenches
along the western shore of the Brodhead Cre«k.

In March 1981, the site was reported to the National
Response Center. As a result, EPA became involved and
ordered all the affected property owners to conduct a
study to determine the extent of the coal-tar contamina-
tion and to identify suitable methods for dealing with it.
Only Pennsylvania^ Power & light Co.̂  the largest
property owner, complied. The study on the other prop-
erties was conducted by the Pennsylvania Department
of Environmental Resources.

These studies estimated that an approximately eight-
acrt area was contaminated with up to 1.8 million
gallons of free (discrete) coal tar. They further showed
that the coal tar was confined primarily to the coarse,
clean (few fines) gravels at the site and had collected in
depressions in the underlying fine silty sand (Figure 2) as
a separate liquid phase. To contain the coal tar and
thereby prevent its continued seepage into the Brod-
head Creek. EPA had a 700-foot bentonite-cement
slurry cutoff wall constructed on the stream side of the
western levee with money it received under the emer-
gency provisions of Superfund. The wall is keyed into
the silty sand and extends to just above the seasonally
nigh ground-water table.

Coal-Tar Properties
A paniai chemical analysis of the cool tar irom the

organic constituent-., are the poly nuclear aromatic hydro-
carbons, chicflv naphthalene, anthracene and the meth-
ylated naphthalenes. Because more than 60 percent of
the coal tar distiils off aftemperatures above 250 C (482
Fi. identification of high molecular weight aromatics
and aliphalics with greater than 300 atomic mass units is
extremely difficult using standard gas chromatograph-
mass spectrographic (CC-MS) techniques. Of particular
interest is the absence of a significantjjcid .fraction, most
notably phenol, which is generally considered a typical
coal-tar constituent. Overall, the composition of the
coal tar differs little from that of some common
petroleum distillates (Figure 3).

The physical properties of the Stroudsburg coal tar
are summarized in Table 2. Most significant is its specific
gravity, which causes it to sink in water at room
temperature and below. The viscosity of the coal tar is
similar to that of a medium-weight oil and changes little
with temperature, as indicated by its viscosity index. It is
only moderately flammable and has a heat value in
excess of 17,500 btu/pound, typical of a high-quality
fuel oil. It is also practically noncpnductive, which
makes the inTerface~ir<o7fhs "with the ground water
easily distinguishable by standard elearjcjaiconduaiyjty
sensing methods, such as by electrical well sounding
ta'pe. "~~~
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Table 1
Partial Analysis of the Stroudsburg Coal Tr.r

Tabie 2
(Partial Analysis of the Stroudsburg Coal Tar;

Parameter

Naphthalene
Fluoranthene
Phenanthrene
Anthracene
Dimethyl naphthalenes
Trimethyl naphthalenes
Methyl phenanthrenes
Trimethyl benzene
Fluor ene
Acenaphthylene
Acenaphthene
Pyrene
Benzo(a)anthracene
Chrysene
Benzo(a)pyrene
Other

Total
Acidity
PH
Free carbon (Carbon 1)
Ash
Total carbon
Total hydrogen
Total nitrogen
Sulfur
Chloride
Ammonia
Cyanide
Iron
Copper
Manganese
Zinc
Nickel
Cadmium
Lead
Arsenic
Aluminum
Vanadium
Barium

Value

3.60
3.20
2.30
2.30
2.15
1.78
1.50
1.30
0.96
0.74
0.72
0.56
0.31
0.31
0.10
7.84

29.69
0.62
4.6

<0.01
0.00

90.77
8.12
0.17
0.65

50.
0.26
0.18

50.3
2.48
2.11
0.13
0.19
0.01
0.5
12.7
22.4
1.6
0.5

Units

%
%
O'
/O

%
%
O/
/O

O'/o
<v
/O

%
%
% -
IV
/It

%
%
%
%
%

mgKOH
standard

%
%
IV
/O

%
%
%

ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm

Porous Materials
The porous materials at the site consist primarily of

both stratified and unstratified coarse glacial gravels and
an underlying fine silty sand, which together form a
valley fill type deposit of variable thickness over lime-
stone. The single, steep-sided gravel-filled depression
on the inside of the western levee can be explained as a
kettle feature, where a large block of ice became
imbedded in the silty sand and later melted. Particle size
distribution histograms for these materials are pre-
sented in Figure 4.

By far, the majority of the site travels are extremely
"clean," meaning they hjve very few fines present. It is
in these gravels exriusivelv that the free coal tar occurs.

Parameter

Specific gravity @ 45°F
@ 60°F
@100°F
@ 140°F

Distillation - 10%
50%
90%

Value

1.028
1.017
0.991
0.985

420.
518.
662.

Units
—
—
—
—

°F
°F
°F

Pour point

Flash point, Cleveland Open
Cup

Heat value

Surface tension

Interfacial tension w/water.
Pt-lr Ring tensiometer,
@72°F

Wetting angle in water against
quartz, advancing, @ 78°F

Absolute viscosity (g> 45°F
@122°F
@140°F

Viscosity index, ASTM D2270

Conductivity

<-30. °F

170. °F

17,763 btu/lb.

28.8 dynes/cm.

22. dynes/err1..

125. degrees
18.98 centipoisi!
5.04 centipoisc
3.89 cemipoise

194.

/jmhos

for reasons which will be explained. The cobbles rangi1

up to 7.50 inches in size, their average sphericity is 0.6''
(compared to a value of 1.00 for a perfect sphere) and
they are well-rounded (referring to the angularity of the
edges and corners), all of which indicate the presence o'
relatively large voids. The hydraulic conductivity of thi;
material was measured by falling head test at 5.28 x 10''
cm/second.

The silty sand is fairly uniform throughout the site
and has virtually no clay fraction present. While the
porosity of this material may actually be higher than tha:
of the clean gravels (41 percent compared to a typical
range of 20 to 40 percent for most gravels), the pore sizes
can be expected to be considerably smaller, based on
the particle size distributions involved. The hydraulic
conductivity of the silty sand was measured by falling
head test at 5.28 x 1C-4 cm/second.

Ground Water
The median depth to ground water across the site

prior to slurry-wall construction was 10 feet and the
hydraulic gradient was 0.015 foot per foot. Ground
water generally flows to the southwest (Figure 5) at the
rate of about 2 feet per dav (based on a permeability of
1.5 x 10''feet/second). From <hort-term pump test data,
thetransmissivity of the uravel aquiter is on the order o:
SO.OOOto-iO.COOcaiions/ iij\ / toot, assuming no ixjundjry
effects from the siurrv wail. Bv comparison, the trans-
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Figure 4. Histograms of the particle size distributions

for samples of coal-tar contaminated gravel
and silty sand from the Stroudsburg site

Figure 5. Stroudsburg site map with top-of-
contamination (dash) and ground-water
(dot-dash) contours (in feet) shown. The
ground-water data is for June 12. 1981. prior
to flurry wall construction. Almost no free
coal tar occurs beyond the 374-ioot
contour

;> on/, jhout 50 gjlions, day toot, a 600 to 800 limes
difference. Thus, there is a drastic difference in the flow
characteristics OT the two fluids.

The borough oTEjst Stroudsburg has two backup
wells for the production of drinking water, one 720 and
the other 705 feet deep, located about 1,500 feet from
the site. Both are constructed in the deeper limestone
aquifer system. Based on pump tests conducted by the
borough, it was concluded that "the wells could present
serious drawdown problems to properly constructed
wells within a radius of 1,200 feet," which almost
extends to the site. Thus, there is concern that the more
soluble, and therefore mobile, coal-tar constituents
could be picked up during long-term pumping of the
wells. To test this hypothesis, ERA recently had several
deep wells installed in the area of the site.

Distribution of Contaminants
Based on the detailed site investigation conducted

during 1981, it was estimated that up to 1.8 million
gallons of free coal tar were distributed over an
approximately eight-acre area (Figure 5). Vertically, this
contamination extends only to the top of the silty sand
deposit, which it cannot penetrate under existing
conditions due to the extreme capillary pressure forces
involved. An accumulation of up to 35,000 gallons of
nearly pure coal tar also occurs in the single strati-
graphic depression located just below the old gasifica-
tion plant (Figure 2). No other such accumulation was
found anywhere on-site. It is this depression from which
coal tar is presently being recovered.

Shallow ground-water samples from throughout the
site also indicate the presence of dissolved contami-
nants. The polynuclear aromatics were generally de-
tected at the part-per-billion (ppb) level, or within the
range of known aqueous solubilities of the individual
chemical species involved. As can be seen from Table 3,
the principal control on the concentrations of these_
contaminants in the_grou.nd _water_is .their ..aqueous
solubility and not their concentratipnjn the.coaj.tar. Not
enough data exist to determine whether there is a
relationship between solubility and distance of trans-
port; however, there does appear to be a rapid fall off in
concentration just beyond the free coal-tar plume in
the downgradient direction. The only contaminant
detected at this point is naphthalene at less than 10 ppb.

Of the volatile organic fraction, only benzene,
ethylbenzene and toluene were found in the shallow
ground water; however, there is no clear correlation
between aqueous solubility and concentration in this
case (Table 3). Also, some of the base-neutral organic
with significantly lower solubilities were found in the
most distant downgradient well, while the volatile
organic were entirely absent. This suggests the presence
of a second, more recent contamination source, possibly
gasoline or some other light petroleum distillate. An
analysis of the coal tar for volatile organics has never
been performed because it was assumed that none
would be present, given the high aqueous solubilities
involved and the length of time they would have been



with EPA'i ref em mieresi m :he pos>ibilit\ 01
jquiler contamination ar the site, this is an assumption
which deserves further investigation.

No acid fraction organics, most notably phenol.
were found in the shallow ground water. This is not
unexpected given the nearly 4,000 limes greater aqueous
solubility of phenol compared to naphthalene (Hult
and Shoenberg 1961), the most soluble polynuclear
aromatic hydrocarbon detected. These materials were
also detected in extremely low levels in the coal tar itself
(phenols 0.95 and cresols 0.33 parts per million), which
may be attributable either to their original absence or to
prolonged leaching by ground water. This latter inter-
pretation is supported by the findings of Campbell et al.
(1979), who report nearly a thousandfold decrease in
the concentration of phenolics in the ground water
around an in situ coal-gasification experiment after 720
days, although the initial concentration in this case was
only about 1 part per million.

Also characteristic of the shallow ground water at
the site are the excessive levels of certain metals and
cyanide. Aluminum, iron, manganese and cyanide were
detected at levels as high as 218,460,25.5 and 0.30 parts
per million, respectively, in some of the wells sampled.
By comparison, these contaminants were measured in
the raw coal tar at levels of 22.4,50.3,2.11 and 0.184 parts

pi1: '1'iii.on. re>peci i> fix. Suoium was jifo toun.) ir ;rv
grouru) v.ater at 26.2 parts per million, but \A.as ne\e:
analyzed in (he co.il tar. Cvamde. probabK as either^ '
HC\ or NH..CN. is a primary combustion product of rh:
coal gasification process and was typically remove-:.'
from an iron salt (Schmidt 1943). The source of thf
aluminum, on the other hand, is more problematical
and at such high concentrations is probably present as*
precipitated solid (Hem 1970). The high sodium levels
may be the result of sodium hydroxide usage at the
plant. Even higher levels were found in the aquifers
around the coal-tar distillation plant studied by Hult anc!
Schoenberg (1981), who attributed them to such a
source.

Stroudsburg as an Example of Two-Phase Flow
Basic Concepts

The free cual tar at Siroudsburg, being practically
insoluble in water, represents a simplified example of
immiscible liquid-liquid or two-phase flow. This is
analogous to the secondary hydrocarbon mention
problem in the petroleum exploration industry (move-
ment from source rock to reservoir rock), except that
the primary driving force in the case of coal tar is gravity.
not buoyancy.

At Stroudsburg. coal tar was initially injected into the
water-saturated gravels through what was probably a

Table 3
Organic Contaminants in Shallow Ground Water

Contaminant Formula

Base-Neutral Fraction
Naphthalene C10H8
Acenaphthylene C12H8
Acenaphthene C12H10
Fluorene C13H10

"Anthracene 1̂̂ 10
•Phenanthrene C14H10
Fluoranthene C16H10
Pyrene C16H10

•1, 2-Benzoanthracene ClgH12
•Chrysene C18H12
3, 4-Benzopyrene C .̂̂
3, 4-Benzofluoranthene C^H,,,
Benzo(ghi)perylene CaH12
lndeno(1, 2, 3-cd)pyrene C22H12

Volatile Fraction
Benzene C6H6

Toiuene C7H.
Ethylbenzene C8H10

Molecular
weight

128.16
152.21
154.21
166.21
178.22
178.22
202.26
202.24
228.28
226.28
252.30
252.32
276.34
276.34

78.11
92.13

106.16

Aqueous
solubility
(mg/L)

31.71

—
3.931

1.981

0.073 1

1.291

0.261

0.1351

0.0141
0.0021

0.0038 '
0.001 5 2

0.000261

0.0002J

1.780.J

538.3
159.3

Cone, in *
coal tar
(mg/L)

36,000.
7,400.
7,200.
9.800.

23,000.
23.000.
32,000.
5,600.
3,100.
3.100.
1,000.

370.
<250.
<250.

—
—
—

Max. cone, in
ground water

(mg/L)

3.525
0.428
0.275
0.218
0.085
0.330
0.038
0.063
0.023
0.031
0.013
0.015

< 0.010
< 0.010

0.241
0.960
1.193

Notes: * Indicates isomers which are indistinguishable by CC-MS
1 Data from Mackav and Shiu. /. C/iom. fnjy. D.;M 22 i4i:399-402 (1977)
: Data from NBS Certificate of Analvsis for St.'.nd. Ret. Material 16-47. 1981
} Data from McAuiift'e, Mature 200:1092-1093 (1963)
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Questions and Answers
Q. Have you estimated the volumo of coal tar that is

present in the aquifer?
A. We now estimate that there were initially less

than 10.000 gallons of pure, pumpable coal tar in the
stratigraphic depression, down from a preliminary esti-
mate of 26,000 to 103,000 gallons. The discrepancy could
have been avoided by placing fully slotted, gravel-
packed wells into the contaminated zone to identify the
free coal tar surface.

Because of the highly non-uniform distribution of
the coal tar throughout the site, the total quantity of
contamination present in the gravel aquifer is virtually
impossible to estimate; however, it is certainly far less
than the 1.8 million gallons originally thought to be
present, as this figure was based on complete saturation
of an eight-acre area.

Q. What are the O & M costs of your recovery
system?

A. The system is designed for unattended operation
and functions well in that mode. Thus, the only oper-
ating cost is for electrical service to run the pumps and
rental fees for various pieces of equipment which we
have chosen not to purchase, such as pumps and
storage tanks.

Maintenance requirements have also been minimal
and invoke periodic replacement oi orocuct pump
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&EPA Project Summary

U.S. Production of
Manufactured Gases:
Assessment of Past Disposal
Practices

Scott M. Harkins. Roberts. Truesdale. Ronald Hill, Paula Hoffman, and
Steven Winters

Si tes formerly used tor
manufacture of gas, present
problems tor remediation and reuse
of the sites. In some cases, polluted
groundwater and surface waters are
located near the sites. This study
examines the history of the
manutactured-gas industry of the
United States, its product ion
processes, disposal trends, waste
tox ic i t y , methods of s i te
investigation, and the current status
of manufacturing sites. The report is
intended as a guide to those who are
evaluating manutactured-gas sites,
tor environmental risks, or for
possible remediation.

Six manufactured-gas sites and
one spent oxide disposal area were
visited during the project, and case
studies were prepared tor six former
gas-manufacturing sites, two
byproduct tar utilization facilities, a
creosoting plant and a coal tar
processor.

The current status of
manufactured-gas sites in the
United States was determined by
contacting State and regional
environmental officials to discover
how they viewed manutactured-gas
sites.

This Project Summary was
ceve/oped by EPA's Hazardous Waste
Engineering Research Laboratory,
Cincinnati. OH, to announce key
findings of the research project that
is fully documented in a separate

report of the same title (see Protect
Report ordering information at back).

Introduction
Former sites of gas manufacture

present problems tor remediation and
reuse of the sites. In some cases,
polluted groundwater and surface waters
are located near the sites. This study
examines the h i s to ry of trie
manufactured-gas industry of the United
States, its production processes, disposal
trends, waste toxicity. memoes of site
investigation, and the current status of
manufactured-gas sites. The report is
intended as a guide to tnose wno are
examining and eva lua t i ng
manufactured-gas sites tor either
environmental r isks or possible
remediation.

History of Town Gas
Production, Wastes and
Disposal Practices

The gas used tar lighting and heating
in the United State* trom 18i6 Into the
i960'ft was manufactured. Three major
processes were used to produce town
gas: (i) coal carbonization. (2) carbureted
water gas (CWG). and (3) oil gas. Coal
carbonization consisted of heating
bituminous coal in a sealed chamber,
witn Destructive distillation of gas from
the coal and trie formation of coke. The
gases were collected, cleaned, and
distributed; the coke removed was sold
and/or reused. The carbureted water-
gas process used eok* (or coal}, steam.



and wariou* oil products to produce a
' " * product gas. Steam was ted

D»d of incandescent coke.
a pas comaming hydrogen

r_..^_ through two charhbers
hot firebnck where oil was

•o the gas and cracked into
m___ hydrocarbons and tar. Oil gas
cracked oil alone into gaseous
hydrocarbons, tar. and carbon
(lampblack). A variety of oil-bMed
lifgpiliiiiri w*r« »»•* *» tht production
of jpaturMed water gas and oil gas.

naphma. gas oil. fuel oil, and

it. all three processes were
employed in all areas of the United
States, but each process became
•predominant in specific geographical
areas in the United States. Gas plants
along the West Coast started as coai-
gas plants, switched to CWG. then
converted to* oil-gas production. Rants
along the East Coast were generally
CWG. with some coal-gas production.
Coal-gas production was predominant
in the Middle States. The gas purification
processes, byproducts, and wastes from
the gas production varied with each
production method. The final report
discusses many aspects of tne specific
production methods and associated
byproduct recovery operations of
individual gas sites. Among the aspects
discussed are: feedstocks, fuel gas
chemical constituents and waste
products.

The final report also presents a much
longer, more detailed historical and
scientific treatment of former sites.
Included are alternative manufacturing
processes, characteristics of early
wastes, which often varied from site-
to-site. and early waste disposal
methods. A comparison of early gas
production processes in the United
States and the United Kingdom reveals
that marketing of byproducts was more
economically feasible in the UK. and that
waste products were easier to haul away
there, than in the U.S. As a
consequence. U.S. sites contain more
wastes discarded onsite.

In the U.S.. after the first natural gas
pipelines were installed in an area
formerly served by manufactured gas.
the natural gas was generally used to
meet baseline demand, and the
manufactured-gas plant was modified to
produce gas for mixing with the natural
gas to meet peak demands. As larger
pipelines were installed tor natural gas
delivery and better storage metnods tor
natural gas became available, the need

for a standby gas production facility
evaporated. Tne manufacturing plants
were generally idle tor several years
before they were decommissioned. The
most frequent reason for
decommissioning the plants was to
remove structures from tne site and
reduce the site valuation lor tax
purposes. The purpose of site
decommissioning was to remove surface
structures Irom the site. Gas storage
tanks were cut off at ground level, and
the tank* wan filled with dataris from me
plant site. Underground tanks and
structures wore ra/tt^ removed, and
some tanks and tar iftjpjuii ware left
filled with tar or liquid wattes. Many gas
companies still own the original sites
used lor •» manufacture of gas. in that it
is generally much cheaper to keep the
site as unused land than tt would be to
dean me sue tor sale.

Investigation and Remediation
of Town Gas Sites

The investigation and remediation of
abandoned town gas sites is a large task,
considering the large number of former
sites that have been discovered and the
even larger number that remain
undiscovered. Contacts made with State
and Federal agencies during the course
of this project indicated that of the sites
that have been discovered, only a few
have progressed beyond preliminary
assessments, and fewer still have had
remedial actions implemented to address
contamination. Thus.site investigation
activities and remedial action activities in
town gas sites should increase markedly
over the next tew years.

As with any uncontrolled site
contaminated with potentially hazardous
chemicals.site investigation activities
should focus on determining threats to
human health and the environment
posed by the site and on generating the
information necessary to evaluate and
select remedial alternatives. Selection of
remedial alternatives should concentrate
on cost-effective alternatives that
effectively mitigate the threat, with an
emphasis on treatment or destruction
alternatives that eliminate the hazardous
nature of the wastes.

The most commonly occurring and
environmentally significant contaminants
at abandoned town gas sites are
byproduct tars and oils and spent oxide
wastes. Byproduct tars and oils represent
multiple-density contaminants at gas-
works sites. For the purpose o! this
discussion, byproduct oils are defined as
liquid hydrocarbon from gas manufacture

with densities less than water: byproduct
tars are defined as liquid hydrocarbons
with densities -greater than water. These
substances are of concern
environmentally because of their potential
to contain high concentrations of
carcinogenic compounds, such as PAH's
and nitrogen heterocyclics. From the
standpoint of groundwater contamination,
the byproduct oils are of most concern
because of their higher solubilities and
tendency to float on the watertabie.
where soluble components may be
leached out by infiltration. The byproduct
tars are also of concern; however,
because of their potential to flow in
density currents through subsurface
fractures and coarse-grained deposits.

Byproduct tars and oils trom gas
manufacture are immiscible fluids and as
such do not readi ly mix wi th
grounowater. The flow of immiscible'
fluids is more complex than is the flow of
soluble contaminants. An immiscible fluid
that is more dense (e.g., tar) than water •
will migrate according to the combined
effects of relative density and the fluid-
fiuid and fluid-solid interfacial pressures.
Because of -the density contrast, the fluid
will generally sink within the groundwater.
Lighter hydrocarbons, such as byproduct
oil. will generally "float" on the water
table or on the tension-saturated zone.
The existence of capillary pressure in a
two-phase flow system means that the
migration of an immiscible fluid is not
entirely dependent on the flow of
groundwater and. as a result, can migrate
in an opposite direction of the dominant
flow system. It is not uncommon in spills
of low-density fluids, for example, for
the fluid to migrate "upgradient" of the
groundwater flow system within the
capillary fringe. The most significant
contaminants in spent oxide wastes are
sulfuric acid, arsenic, and complexed iron
cyanides. These complexed cyanides
occur in the form of terricterrocyanide.
imparting a blue color to the spent oxide
wastes. Procedures for conducting
hydrogeological investigations of town
gas facilities are not significantly different
from those used for investigating
uncontrolled chemical and industrial
waste sites. The primary difference is
that town gas sites generally tend to be
older, and less background information is
available about past site activities, in
many cases, the present-oay site has
been cleared.and little or no evidence of
past site activities is visible at the ground
surface. As a result, research into
historical records often is necessary to
determine the physical layout anc
operating history ol the plant. As with any



investigation of an industrial site, it is
extremely important to utilize process
information to help determine what

•contaminants may be present at the site
and where these materials may be
located.

Most investigations of manufactured-
gas plant sites rely on conventional site
investigation methods that are not
significantly different from contamination
investigations of other industrial sites.
•These methods include surface water
sampling, shallow soil and groundwater
sampling (Irom borings and test pits),
and. when necessitated by the results of
these sampling activities, more extensive
groundwater monitoring. In most
instances, these methods appear
adequate tor an initial understanding of
the potential for adverse impacts on
human health and the environment.

Other potentially useful (and often
cost-effective) alternative techniques of
investigation, such as geophysics and
soil-gas sampling, have not been
extensively employed at manufactured-
gas sites to date. However, based on
limited use at manufactured-gas sites
and more extensive utilization at
industrial waste sites, these techniques
show potential utility for screening sites
to optimize sampling and analysis plans.

A discrepancy commonly encountered
in the gasworks site investigations
reviewed by Research Triangle institute
(RTI) is insufficient information on the
processes that operated at the specific
sites. Most site assessments reported
that gas was produced by coal pyroiysis
or carbonization (i.e., retort or coke-
oven gas); most of these sites actually
were carbureted water gas (CWG) plants.
The difference is significant, both in
terms of waste characteristics and
byproduct utilization practices. For
instance, nitrogen and sulfur compounds
are more prevalent in coal carbonization
tars than in tars from CWG processes.
Tar emulsions produced by CWG
processes were hard to dewater. AS a
result they were not reused and were
disposed onsite. especially in smaller
plants/ Spent oxides from CWG cleanup
processes often do not have the brilliant
blue color often considered a
characteristic of spent oxides because of
the absence of significant levels of
ferricterrocyanides. Historical back-
ground information on the gas industry is
invaluable in planning and conducting
gas plant site investigations because it
can provide data on the characteristics
and likely disposition of potential
contaminants at site.

Site investigation techniques
employed tor hazardous waste site
investigations are generally applicable to
former manufactured-gas sites.
However, some special considerations
should be taken into account when
conducting site investigations in order to
focus the investigations on characteristic
features of these sites. First.
contaminants, especially gasifier tar and
oil. often are contained in below-ground
structures that were covered over and
left when the plant was decommissioned.
jGasworks site investigations initially
should concentrate on identifying tnese

_stryctures_ because they often contain
almost pure contaminants. Because such
contaminants are contained, they are
relatively easy to remove, and because
they may be relatively pure, the
materials may be reused as
supplementary luel or chemical

.feedstocks. In addition, it is especially
important to take extreme care not to
damage these structures curing site
investigation or remediation because this"
couldjresujtjp the release and spread of
contaminants, complicating and
increasing the expense of cleanup
Operations. "

—"Second, it is important to determine
the real extent of contamination on'and
off a site as wastes, especially solid
wastes from gas cleanup ooerations
(e.g.. woodehips. spent oxioes). Such
wastes were often disposed in areas
adjacent to but not .actually on the
original gas plant site. In addition, gas
plant sites were usually sited in low-
tying areas (to facilitate gas distribution)
and were adjacent to streams, lakes, or
wetlands. In many cases, waste were
accidentally or deliberately discharged
into these areas; recent releases into
streams, lakes, and rivers have resulted
in site discoveries in many cases. It is

.important, therefore.to investigate
wetlands and waterbbdies adjacent to
oas plant siiej__fojf_ pote_nVal
contamination.

Third, it is important to recognize that
organic contaminants with various
densities commonly occur at gasworks
sites. Multiple-density contaminants can
result in complex contaminant migration
patterns in the subsurface and can
complicate the design and
implementation of site investigation and
groundwater monitoring. The relative
density of potential contaminants snould
be known, at least qualitatively, during
me planning stages of site investigation
activities.

Fourth, it is important to understand
the variety of methods used to produce

the gas and the resulting variability of
byproducts and waste products. By
knowing the gas production processes
used at a given manufactured-gas site,
it is possible to determine the most
appropriate chemical analyses for
Development of the site investigation
plan, thereby resulting in lower
investigation costs. For example, an
assessment plan being developed for a
site that used a _coal-cajponization
process should include analysis of
phenol[c compou nds. n i t rooe n
heterocyclics. ammon7a._ and cyanides.

"The analysis of these substances at
carbureted water-gas and oil-gas
production sites is less important
because tney usually were produced in
low amounts in these processes. In
addition, it is important to determine the
potential toxicity and other hazards that
may be associated with gas-plant
wastes (e.g.. the carcmogenicity of coal
tar and the tendency of spent oxides to
spontaneously combust) so that adequate
provisions may be made tor the health
and safety of onsite workers and the
general public during site investigation
and remediation.

Gasworks sites have certain unique
features that can influence the selection
of remedial alternatives. First, the sues
are old: many were abandoned more
tnan 50 years ago, and almost all are
more than 30 years old. This age can
affect remediation in several ways, it can
result in & low-priority ranking tor the
site in terms of cleanup. If the site owner
can demonstrate that there is no history
of contaminant migration and that wastes
currently are remaining onsite. it is
possible that site remediation efforts
could be postponed without damage to
human health or the environment. The
fact that a site has existed tor decades
without problems may be taken as
evidence that postponing remediation will
cause no further problems. If cleanup is
postponed, however, grounowater
monitoring should be employed to detect
contaminant release, and measures such
as restricted site access should be taker,
to avoid .exposure of the public tc
contaminants at the site.

On the other hand, the age of these
sites can afford a long period of time tor
contaminants to move oflsiie. thereby
resulting in a significant spreading cr
contaminants and an increase in the
volume of material that must be cleanec
up.

When gasworks w e r e de
commissioned, surface structures otter
were removed but structures below th«
surface usually were left in place. Thes-



'structures often contain contaminants,
usually tars. oils, or tar/water emulsions.
Because of this, it is important to
determine the locations of these
structures dunng a site investigation and
to consider their locations when planning
site remediation activities. In some
cases, tree tars and oils occur in mese
structures: such gasification byproducts
may be reused as supplementary boiler
fuel or chemical feedstocks. If reuse is
not a viabw alternative, careful recovery
of the material from the structures results
in a more concentrated waste stream for
treatment or disposal. If surface
structures are damaged during
remediation efforts, contamination can
spread into surrounding soils, increasing
the expense and complexity of
remediation efforts.

Another feature of gasworks sites that
can affect remediation efforts is the
presence of injection wells that were
used for waste disposal (e.g.. for tar
residues and emulsions). At least one
site reviewed in this study. Siroudsburg.
Pennsylvania, may have had one of
these wells. Research by the
Stroudsburg site investigators suggested
that other gasworks in the area may have
used wells lor waste disposal. Maps for
the Lowed, Massachusetts, plant showed
a "deep well" on the site. However, it is
not clear whether this well was used for
waste disposal. Additionally, it is
important when reviewing old site maps
not to confuse tar wells, which are
underground structures containing tar.
with injection wells used for disposing of
wastes.

The location and depth of all wells on
a site should be determined during
remedial investigations. These wells may
be reopened and sampled for contami-
nation. Care should be taken during
reopening to prevent them from adding
tc the spread of contaminants. If no
contamination is detected, they should
be properly closed and sealed to prevent
them from becoming pathways for
contaminant migration. If contaminated,
they can complicate site remediation
efforts. However, if wastes were pumped
down a well, it may be possible to pump
them back out. This was accomplished at
Stroudsburg. where over 6.000 gallons of
tree coal tar was removed from the
subsurface. However, considerable tar
remains bound up in subsurface material
at Stroudsburg; this necessitated
containment (slurry wall) to prevent
migration of contaminants offsite.

Remediai action alternatives for
gasworks sites are similar to those lor
other uncontrolled hazardous waste sites.

Containment removal and disoosal. and
treatment all are applicable. Some
containment generally will be required tor
all remedial actions to prevent the
release and spread of contaminants.
Slurry walls and caps have been used to
contain gasworks wastes. Removal and
disposal is a simpie.but expensive option
that also has been used to clean up
gasworks sites. Treatment to stabilize,
detoxify, or destroy gasworks wastes has
not been employed to a great extent, but
it is attractive, because it can destroy a
waste's hazardous nature, enabling safe
disposal ol residues in nonhazardous
waste landfills and eliminating future
liability.

The final report discusses in much
detail the technical and economic
aspects of site investigations conducted
at six former gas manufacturing sites and
one iron oxioe disposal site.

•frU.S. GOVERNMENT PRINTING OmCL 19S8/54S-15S/67099
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7.5. Pollution Source - Coal Gasification Plants

Goal was usjed In early producer - gas plants for the manufacture of

hydrogen/carbon imonoxide gas mixtures. The basic process consists of reacting

coking coal with ateaa and oxygen at approximately 1700*F to form the gas

mixture (Shreve, et al., 1977), Major types of wastes and by-products are tar

sludges, petroleum sludges and contaminated liquors (water and aqueous

emulsions from the gas scrubber). A portion of the tar sludges was frequently

mixed with light oil and sold as creosote for wood treating.

Table 7.5.1

Coal Tar(Z) Composition (Fisher, 1938; Coal Tar Data Book, 1965).

Light Oil Practifn (5Z) up to 200°C

beacene (O.i
Toluene (0.1 Z)
ethylbenxen (- )
xylenes (l.(Z)
solvent naphtha (1.5Z)
thiophene (- )

Middle Oil Fraction (17Z) 200 - 250°C

naphthaleae (10.9Z)
unidentified (1.7Z)

Tar acids (2.5Z)
phenol (0.7Z)
methylphenols (1.1Z)
dimethylphenols (0.2Z)
higher tar acids (0.5Z)

Tar bases (2.0Z)
pyridine (0.1Z)
ammonia (- )
heavy bases (1.9Z)

Heavy Oil Fraction (7.0Z) 250 - 300*C

methylnaphthalenes (2.5Z)
dimethylnaphthalenes (3.4Z)
acenaphthene (1.4Z)
unidentified (l.OZ)

Anthracene Oil (9.0Z) 300 - 350°C

fluorene (1.6Z)
phenanthrene (4.0Z)
anthracene (1.1Z)
dibenzopyrrole (1.1Z)
unidentified (1.2Z)

Pitch (62.OZ)

gas (2.0Z)
heavy oil (21.8Z)
Red wax (7.0Z)
carbon (32.OZ)

74



I
Table 7.5.2 Wf

M»nltorlqr JfrgaiBters - Coal Gasification Plants

i
Metals

Iron*
manganese*

ft

BVolatile Organics

I
benzene*
toluene*
ethylbenzene*
xylenes* —
thlophene •[

Base/Neutral Extractable Organ!cs

acenaphthene* mr
acenaphthylene*
anthracene* K.
naphthalene* R
fluorene*
phenanthrene* _
methyl naphthalenes IT
dimethyl naphthalenes '
dlbenzopyrrole
pyrldine fc

Acid Extractable Organlcs

. phenol* K
methyl phenols*
dimethyl phenols* _

Miscellaneous Inorganics *

nonia
cyanide I

I
*Key Indicator parameter

I
I
I
I
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BROWARD COUN ' ENVIRONMENTAL QUALIlV CONTROL BOARD

500 SW 14th Court

Fort Lauderdale, Florida 33315
(305) 765-5881

NO. 3793

NOTICE OF VIOLATION AND NOTICE OF HEARING TO ASSESS A CIVI. PENALTY

The undersigned certifies that he has just and reasonable grounds to believe and does
believe that:
on the 1<> day of *"8"«t 19" «t
ISSUED TO; Edwin P. Champion. Manager

RESPONDENT: Peoples Gas System, Inc.
Resident Address; 555 S.E. 124th St.
City and State: North Miami Beach, Florida 33161

AT THE FOLLOWING LOCATION Peoples Gas Svstem. N.W. TthAvenue and Ath Street

IN: Fort Lauderdale Brovard Florida

City County State

Did: Unlawfully discharge Polynuclear Aromatic Hydrocarbons.

In Violation of:
|T~j '527-5.031

n <
Code of Regulations of the Broward
County Environmental Quality Control
Board.

Florida Department of Environmental
Regulation Rule

Victor N. Ifoward,
PollutionxContrSl uifice
BY: ftrm\3J. 865

TITLE; Environmental Compliance Officer II/Enforcement

1) Date of mailing by Certified Mail, No. P046 324 013

2) Date of Personal Service___________________

I.D. No.

9/16/85
A.M.
P.M.

Time
Hearing Information:
There will be a hearing held before the Broward County Environmental Quality Control
Board or its duly appointed Hearing Examiner, at Nova University Law School, fifth floor,
3100 SW 9 JWe.Ft.Lauderdale, 10:00 Am. on *______. You may appear and present de-
fenses to the Violation charged. The Hearing will take place whether or not you
appear unless you make prior arrangements for a continuance pursuant to Section
27-2.20 of the Code of Regulations of the Broward County Environmental Quality Control
Board. You may be represented by an attorney at the Hearing. After hearing the ev-
idence, the Board may assess a Civil Penalty of up to $10,000.00 per offense and may
assess the costs of the Hearing. If this violation has been corrected, you may re-
quest a settlement conference at least five (5) days prior to the scheduled Hearing to
agree on the amount of penalty and costs to be assessed. The settlement conference
may be arranged by contacting the Enforcement Office.

* Due to anticipated closure activities, the Hearing date will be
set at a later time. You will be so advised.
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?; IR.I??F»ORT

LEAD AGENCY: EQCB CLOSURE COORDINATOR;

SITE: PEOPLES GAS SYSTEMS INC START: / / EST. FINISH: / /
NU 7 Ave & NW A St
Ft Laudevdale

CONTACT PERSON: Edwin P. Champion TEL: ( ) 763 - 8900

CONSULTANTS TEL: ( )

BUSINESS TYPE: Abandoned Cos I Gasification Pint
REASON FOR CLOSURE:

INCIDENT DESCRIPTION
Lead sludge removed & hauled to Savannah
Ga. No H.W.H returned to Ft.Lauderdale.
PG applied for HW« South Carolina.

DATE PROGRES
07/23/85 EQCB met «/PG reps & Cuyahoga Wrecking <CW) to discuss final

closure requirements* GU sample analyzed*
07/28/85 Unsuccessful contact CW for site tour.
08/20/85 JMaudsley(PG) called TL,scheduled GW samples collected ariQ/23/85
OS/23/85 EQCB collected GU samples from two excavations*
09/02/35 Sample results: NorthExc: Pb 2*33 ppm; 610 compounds 539 ppb*

SouthExc: Pb 0*76 ppn; 610 compou>ida 21.3 ppb*
09/09/85 EQCB Itr to PG summarizing above data & requiring a CAP be sub-

mitted to restore GW by 9/27/85.
09/16/85 EQCB issued NOV 3792 for Reg 27-5.031 with open hearing date.
10/03/85 Staff met ui/PGS&ERII-containing utility exempt from RCRA regs.

Will submit soil sampling plan by 10/30/85.
10/28/85 EQCE-s rcvd ERP1 soil sampling proposal with QAOC plan.
11/01/85 EQCB Itr NTP with soil sampling program.

COMPLIANCE SCHEDULE
01/30/86 Submittal of soil results.
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BROWARD COUNTY ENVIRONMENTAL QUALITY CONTROL BOARD

500 S.W. 14th Court
Fort Lauderdale. Florida 33315

(3051 765 5881

February 12, 1986

CERTIFIED

Mr. Fdwin P. Champion
Manager Technical Services
Peoples Gas Systems, Inc.
555 NE 124 St.
P.O. Pox 520855
N. Miami, FL 33152-0855

Subject: Status of Pollution Incident Closure Activity at tne
abandoned Peoples ftap System facility, NW 7 Ave. and 4
St., Ft. Lauderdale, Florida

Citation: No. 3793

Reference: 1 BQCB letter dated 9/9/8b to Mr. Champion — Seminary of
Closure Activities.
PSG letter dated 9/9/Ba to BQCB — Disposal status of
lead contaminated materials removed from tanks.
Meeting on 10/3/to at EQCB — Discussion of Property
Closure requirements.
On 10/28/85 BQCB received the ERM Contaminant
Assessment Plan and QA/QC dated 10/23/8t>.
PSG letter dated 11/1/8D to BQCB — Copy of hazardous
waste transport manifest enclosed.
BQCB letter ll/5/8b to Mr. Champion — Notice to
Proceed with Amendments to CftP (data subnattal
required 1/31/86).

letter dated 12/13/8D to Mr. Champion.

Dear Mr. Champion:

On 1/31/86, BQCB received the EnM report titled f»Pi"»*?
Results and Groundwater Sampling & Testing Plan, in accordance with
the established compliance schedule. Staff has reviewed the
submittal and agrees with the intent of tne proposal to install
four (4) pentianent monitoring wells as depicted on figure 1.



page 2
Mr. Edwin P. Champion
Peoples Gas Systems, Inc.
February 12, 1986

This letter shall serve as Notice to Proceed with (Phase II)
groundwater sampling at the subject facility according to tne
submitted plan. EQCB shall be notified seventy-two (72) hours prior
to sampling to allow for scheduling of split samples. Please contact
our staff hydrogeologist, Mr. T. A. Lawrence, it further details are
necessary.

Sincerely,

VICTOR N. HOWARD, P.E.
POLLUTION CONTROL OFFICER

cc: A. Padva (DER/WPBr
P. Gruber (ERM)
W. B. Taylor
Enforcement

VKH/TAL/SC
T2/ltrPeoples
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BROWARD COUNTY ENVIRONMENTAL QUALITY CONTROL BOARD M

. . 500 S.W. 14th Court
Fort Lauderdale, Florida 33315

(305)765-5881

November 5. 1986

CERTIFIED — R.R.R.

Mr. C. H. Montague
Sr. V.P. — S. Florida Divisions
Peoples Gas System. Inc.
555 NE 124 Street
N.__Miani,_EL_ 33152-0855

Subject: Environmental closure status of the abandoned Peoples Gas Systems,
Inc. gas manufacturing site, *W 7 Ave. and 4 St., Ft. Lauderdale.
Florida
(Citation 13793)

Reference: Contaminant assessment reports — Phase I, dated 1/27/86; Phase II.
dated 7/14/86. prepared by Environmental Resource Management South.
Inc.

Dear Mr. Montague:

EQCB received the referenced (Phase II) report on 7/23/86- Copies of the
report, were forwarded to FDER/WPB for comment. The results of groundwater
quality sampling from your laboratory indicate the presence of Naphthelene in
the down gradient monitoring well. Cox 1, at a concentration of 950 micrograms
per liter and non-detectable of contaminants in the other 3 wells on-site.
EQCB lab split samples from wells Cox 3 & 4 and found Acenaphthene, Anthracene,
Fluorene and Phenanthrene from well Cox 4. The detection limits from your lab
showed two order magnitude higher than EQCB lab's. This explains the
discrepancy from two laboratories results. Our recommendations for further
investigation of the site are described as follows:

1- Resample 4 wells and analyze for EPA methods 602 and 610 compounds and
lead. Please notify EQCB 72 hours prior to sampling. EQCB reserves the
right to split samples.

2- Identify the extent of Naphthelene contamination.

The location of the subject facility is outside of wellfield cone-of-influence•
but groundwater is still classified as G-2 water. Please submit the results of
the above mentioned assessment by 12/15/86-



page 2
Mr. C. H. Montague
Peoples Gas System. Inc.
November 5. 1986

If there are any questions, please contact Madeline Wu. P.E., at 765-5881.

Sincerely.

VICTOR N. HOWARD. P.E.
POLLDTION CONTROL OFFICER

cc: J.S. Benyon (DER/WPB).
E. P. Champion (PGS)
P Gruber (ERM)

VNH/TMVsc
W3/ltrPeoplel



BROWARD COUNTY ENVIRONMENTAL QUALITY CONTROL BOARD

500 S.W. 14th Court
Fort Lauderdale, Florida 33315

(305) 765-5881

December 2, 1986

Mr. Paul Gruber, P.G.
ERM — South, Inc.
5035 East Busch Blvd.
Suite 4
P.O. Box 290918
Tampa, FL 33617

Subject: Closure activities at the abandoned Peoples Gas System, Inc. Gas
Manufacturing site, NW 7 & 4 St., Ft. Lauderdale, FL

Reference: EQCB letter dated 11/5/86 to Mr. Montague of Peoples Gas System,
Inc.

Dear Mr. Gruber:

Per your request, we enclosed a copy of our test results of groundwater quality
from monitoring wells, Cox 3 and Cox 4 at the subject site. You also requested
an extension for submittal of report described in the reference letter. Due to
delay in mailing and the coming holidays, EQCB grants the extension to 1/9/87.
If there are any questions, please contact Madeline Wu, P.E. at 765-5881.

Sincerely,

ICTOR N. HOWARD, P.E.
POLLUTION CONTROL OFFICER

cc: J.S. Benyon (DER/WPB)
C.H. Montague (PCS)
C. p. Champion

VWMW/sc
VV3/ltrPeople2

• \
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Reference

DIVISION OFFICES
555 ME 124TM STREET • PO BOX 520655

NORTH MIAMI. FLORIDA 33152-0855

9/9/85

Mr. Terry Lawrence \ ; ^
Broward County Environmental
Control Board _____
500 S. W. 14th Court ——
Ft. Lauderdale, Fla. 33315

Re: Lead Contaminated Material

Dear Mr. Lawrence:

Per J. D. Maudsley's request, I am submitting an intermediate report on
the disposition of the lead contaminated material originating in the gas
holder at our Cox Plant in Ft. Lauderdale. . >

The material that was transported to a Savannah, Ga. landfill site and
discussed with you in our meeting on July 23, 1985 has been removed
from that site and returned to its original location in Ft. Lauderdale.
The material and the drums used to move it to Savannah were returned
in a closed container by Chemical Conservation Corp. on September 3,
1985.

| ! ('The return of the material was carried out in order that Peoples Gas
• . \System, Inc. could maintain better control over its handling while

awaiting approval from the State of South Carolina for GSX to receive
the material at the Pinewood, S. C. disposal site.

Our plan is to place the remainder of the lead contaminated material
in the enclosed container and to hold it, in total, at the plant site
until it can be hauled to Pinewood.

To date, Peoples Gas Systeri, Inc. has received Generator's U.S. EPA
I. D. No. FL D 981026354 and has applied to GSX Hazardous Waste Dis-
posal Site in Pinewood, S. C. to deliver the material there as soon as
approval is received. It is expected that the approval process will not
be completed for another 20 to 30 days.

For your information, I am attaching a copy of the Savannah, Ga. to
Ft. Lauderdale manifest for returning subject material and a copy of
the authorization request submitted to South Carolina Control Bureau.

RECEIVED
Sf? 10 -=•-

' '• - *
^VL',b.
'•it

Browwd County
CONTROL BOARD



Mr. Terry Lawrence
9/9/85
Page Two

It Is our Intention to submit documentation to you as soon as final
disposal has been accomplished. In the meantime, please let me know
if you have need for any additional information.

Sincerely,

Edwin P. Champion
Manager Technical Services

EPC/et

Attachment



ATTACHMENT "D"

1
.]

• v

t

• ——— Amendment-̂ - New
South Carolina Department of
Bureau of Solid and Hazardous

Authorization Number: 1 _
t. .

Generator Information:
GpnPratnr ID tt |F L.D.9

t

Health
Waste

J-L-.

8kl 0

—1- Landfill ——
and Environmental .Control ——— Recycle ——
(G03)750-5G01 ——— Landfarm ——

——— Other
AUrilORIZATION

. . . l - l . . . 1 -
(i-ii)

2.6 3 5 4 | Nampl

REQUEST FORM
«

i| | To be entered
^ by TSO Facility

PEOPLES GAS SYSTEM, INC.

facility Use

—Reclaim
-~ Incinerate '
—Energy Recovc

Only:
i

(12-23)
Address I P.O. BOX 520855 J City I I State I"- Zip Code I

Official Contact! C. H. Montague I Title 1 Sr. Vice President iTplephone |p05 )893 -2522 | I ... .N/A. . . .
SC County

-r i .. o. i~»! i r - ' i t . i r .. (f»r In-luti ewentorTreatment, Storage, or Disposal Facility Information:

Facility EPA ID ft ls.c.D o 7 0 3 7 5 9 8 51 Name I esc CORPORATION
(34-35)

Address I ROUTE i. BOX 255_________I city | PINEWOOP_____

I

J State I sc I Zip CodeLiiiil

Description of Hazardous Waste:
I P A T N T R F. S T D 1J E AN t) .q K n. T M F. N T » '. M. F .fl r. . A S S. I...n.R .A .r..£—T-A.M..K.

EPAA3HEC Waste Codes: I DQQ8 I | J L
(36-95)

___I |______|
(13-16)(1-4) (5-0) (9-12) (13-16) (17-20) .

Handling Me Uiod:U£Sjj Volume: (Ibs/yr. only) I______3 0 0 0 o| '
(21-23) ' (2«-32)

Enter Quarter for One—Time Disposal: I 3 \ / | 8.5 | Qtr/yr.
(33-35)

If Multiple Shipments Enter Frequency Here: I N/A I times/yr.
(36-39)

Physical State of Waste t? 70T («) : Flash Point (cc) <ii):
1.IJU solid 2.LJ liquid 3.l_l N/A 1. LJ none 2.LJ<60T 3.LJ GO-HOT 4. LJJ >MO'F

For DllEC Use Only:

Date Received '—•—I
Notes:



B"
AUTHORIZATION REQUEST FORM (con*I).

Proper DOT Shipping Name/Hazard Class/DOT ID # l Hazardous waste solid. POOS. DRHE. NA 9189

Process Producing Waste I SEDIMENT IN WATER SEAL FROM PAINTING TAHK__________________________

Packaging for Shipment: \-JLj in Drums (size) I—55 I I x ! in Bulk l__

Method of Transportation :l__I Railroad tanker LJLJ truck I__I Other I_________I Specific Gravity:

Viscosity (e> 70'F: I__I Low I__I Medium L_xJ High Layering: LJLJ None I_IBilayeredl__IMultilayered

I Line: I N/A I
Other ̂ ny contnin some

> dented drums.

Suspended Solids: % by weight or volume. Specify exact %L_oJ Dissolved Solids: by % weight. Specify exact % l_QW
Thousands of Blu's/lb, Specify : 1 N/A j Organically Bound Sulfur (wt %): I N/A I Organically Bound Chloride:LULS
Organically Bound Nitrogen (Wt %) I N/A I Toxicity: I_IHigh I_IMedium ULJLowl_I Unknown Ash %: I N/A I

Affinity for Water: I———I Hydrophilic Lĵ —l Lipophilic pH (if liydrophilic): |________|

Visual Description of waste: |____Brown Colored Dirt_______________________ |

Constituents: List specific constituents by name and corresponding percentage in waste stream.

Volatile Organics % Non Volatile Organics % Acid^or Alkalis _%_ Salts & Inorganics
See Attached

(4 oaees)
See Attached

(ft papps'l

i

See Attached
f f^ pa pa e ̂

*

Son Af t nrlir»t!

(̂  paces)

_4

Water: N/A

Page 2



ATTACHMENT "D"
AUTHORIZATION REQUEST FORM (con't)

lie: (total metals

As ___ ppm
Ba ___ ppm
Cd _ _ ppm
Pb IB* •**" pprrO
Zn ___ ppm

Information :

notEP

Cr«3
Cr"
lid
Se

•• mm m . m •

Toxic! ty Test)

ppm Aq
. ppm Ni

ppm Cu
ppm Tl
Ppm

See attached lab test

norn
___ ppm
___ ppm

ppm
. ___ ppm

results (4

Fc ___ ppm
Sb ___ ppm
Mn ___ ppm
Co ppm
__ ___ Ppm

pages) y.--: / ':•*"*

Isixics:

Cyanide
Pesticides __
Carcihoqens
Other Toxics

\

ppm

__ PPm

ppm
pprn

ft

Certification :
I certify under penalty of law that this document and all attachments were prepared under my direction or super-vision
in accordance with a system designed to assure that qualified personnel properly gather and evaluate the information
submitted. Based on my inquiry of the person or persons who manage the system, or those persons directly responsible
for gathering the information, the information submitted is, to the best of my knowledge and belief, true, accurate,
and complete. I am aware that there are significant penalties for submitting false information. Including the possibility
of fine and Imprisonment for knowing violations.

^t/S?2^<Signature :_

Print Name diaries 11. Montague

Dale Submitted 8/20/85

Title c jon^nr V i r P President-So. Fla. D i v i s i O U R

TSD Facility Certification :

I certify that based on the information presented in this document, this facility is permitted to accept the waste stream
described hereon, and do hereby inform the generator listed hereon of acceptance of the waste for treatment, storage,
and/or disposal in the manner designated, and in compliance with the TSD Facility's standard terms and conditions.

Signature :,

Print Name :
Date Submitted:

Title : —————



PtMM print or type. (Form OM<9rwdforuMon*liM(12-piielil typewriter) Form Approved OMB No. 20004404. Expire* 7-31-66

UNIFORM HAZARDOUS
WASTE MANIFEST

1. Generator's US EPA ID No Manifest 2. Page 1 Information in the shaded areas
01 | F«s not required by Federal law.

3. Generator's Name andMailing Addrgss.

4. Generator's Phone ( ?/ Z )

Co A. State Manifest Document Number

B. State Generator's ID

5,-Transponer 1 Company Name US EPA ID Number C. State Transporter's ID
D. Transporter's Phone

7. Transporter 2 Company Name 8. US EPA ID Number E. State Transporter's ID
F. Transporter'sPhong^^^S^</?'?/

9. jQgsignated Facility Name and Site Address 10. US EPA ID Number G. Stale Facility's ID

H. Facility's Phone

11. US DOT Description (Including Proper Shipping Name. Hazard Class and ID Number)
12. Containers

No. Type
13.

Total
Quantity

14.
Unit

Wt/Vol
Waste No.

D.

d.

J. Additional Descriptions for Materials Listed Above K. Handling Codes for Wastes Listed Above

15. Special Handling Instructions and Additional Information

16. GENERATOR'S CERTIFICATION: I hereby declare that the contents of this consignment are fully and accurately described
above by proper shipping name and are classified, packed, marked, and labeled, and are in all respects in proper condition for
transport by highway according to applicable international and national governmental regulations.

Date
Printed/Typed Name Month Dmy Y»ar

17. Transporter i Acknowledgement ol Receipt of Materials Date

18. Transporter 2 Acknowledgement of Receipt of Materials

Da

Date
Printed/Typed Name Signature Month Day VMT

I I I
19. Discrepancy Indication Space

20. Facility Owner or Operator: Certification of receipt of hazardous materials covered by this manifest except as noted in Item 19.
Date

Printed/Typed Name,

1312)478-0900 EPA Form 8700-22 (3-64)



' '- ' '•'''-'I':'*'''- ,• "• •!. • . • • ' " ' "«*•*>* '-';-**.*!*?. • ; % " v -

,...._«:,«: >^.-.^,^-: 'j.^J:'.-^''-^'^^:l'^^^XiA,-^f .-.-* . ...p--.. .« »—-'yTS «"»'r; >i»<i:-^«i.-...iifei?!..
Chemical Conservation Corporation

653 ROCKET BOULEVARD
ORLANDO. FLORIDA 32824

1 -305-859-4441

Tn

Date

Truck No

J^ * ^s ~^"w$mm

JANTITY

/

STOMER'S

STOMER'S

IVER'S SIC

COMMODITY

P/?// /O/^-- ^A,

GALLONS - POUNDS - TONS

.

HEIGHT r*f^
...̂

npnPR wn f~) n 'O / TIME IN

V > /^ •. 1% X
SIGNATURE^/ / ^.•^L. . , ̂ -- f- • " * •—«• TIME OUT

SNATURE JSrt/PtL*. t.O''.6'~/J^~-/ TOTAL TIME
" " J^-'O ~v* —

S^^



DIVISION OFHCES
965 N.E. 124TH STREET • P.O. BOX 520855

NORTH MIAMI, FLORIDA 33152-0655

Mr. Victor N. Howard
Pollution Control Officer
Broward County Environmental Quality
Control Board
500 S. W. 14th Court
Fort Lauderdale, Florida 33315

Re: Pollution Incident Closure Activity at the abandoned
Peoples Gas System, Inc. Gas Manufacturing Site,
N. W. 7th & 4th St., Fort Lauderdale, Fla.
Citation #3793

Dear Mr. Howard:

Pursuant to your letter of Feb. 12, 1986, in which Peoples Gas was
notified to proceed with its plan to install four groundwater
monitoring wells at referenced site and to subject samples taken
from these wells to laboratory tests to determine groundwater
quality at the site, on March 12, 1986; the wells were installed
and water samples taken on April 10, 1986. Mr. Terry Lawrence
of your staff split these samples with ERM-South geologist, Mark
Culbreth.

As indicated in the enclosed copy of the report of testing and
analysis and ERM-South *s conclusions, the risks associated with
this site from a soil or groundwater quality perspective are
limited. Based upon these test results and an understanding of
the limited amount gas manufacturing that actually took place
on the site, Peoples Gas System, Inc. has determined that there
have been no adverse environmental impacts associated with past
operations at the facility or the dismantling of those facilities.
Therefore, no further action is anticipated.

If for any reason, you may have further questions, Peoples Gas
System, Inc. remains anxious to cooperate in any way possible.

BECEIVED
. Mon'tague ' " /——— JUL231986

Sr. Vice President-South Fla. Divisions
Broward County

cc: N. H. Bollinger ENVIRONMENTAL QUAUTY CONTROLOMRO
William Taylor, IV
E. P. Champion



The ERM Group.

FIGURE 1
SITE LOCATION MAP
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Ima.

DIVISION OFFICES
558 N.E. 124TH STREET • PX>. BOX 520655

NORTH MIAMI, FLORIDA 33152-0855

6/16/87

Mr. Victor N. Howard, P.E.
Pollution Control Officer
Broward County Environmental Control Board
500 S. W. 14th Court
Fort Lauderdale, Florida 33315

Re: Closure activities of the abandoned Peoples Gas
System, Inc. gas manufacturing site, N. W. 7th
Ave. & 4th St., Ft. Lauderdale, Fla. (Citation #3793)

Reference: Contamination Assessment Report - Phase III

Dear Mr. Howard:

Enclosed are two copies of referenced report prepared by Environmental
Resources Management-South, Inc. and submitted to Peoples Gas System,
Inc.

Peoples Gas System, Inc. feels that the conclusions and recommendations
expressed in the report are appropriate in that the results of the in-
vestigation clearly indicate that the water quality impacts observed
are limited.

Sincerely,

C. H. Montague
Senior Vice President
South Fla. Divisions

Encl.

cc: N. H. Bollinger V3 «T9-*** «~ .„-
William B. Taylor, IV H £»*r ' '.•-..* 't ~ T *
T. i « v * •*•* V«̂ » «iuv J •:••Paul Gruber * - ••-.
Mark Haney ,.,.. .. _

JUN 1 7 1987



;.;:$B ĵ£*r————:—— •-•-•:-~~rzzr.'~-"f-- ~ Reference 7 ~~f ~f 4—-—^
H ERM^Soath, •juB̂ iliMiiiiMMM.i.M.M.MBp

imtntal Rtsoarm Managcmmt

5035 East Busch Boulevard • Suite 4 • P.O. Box 290918 • Tampar Florida 33617 a (813) 985-033S
1637 N.W. 79O1 Avenue • Miami, Florida 33126 » (305) 591-3076 ' ' " U

• ,T / , " • • ! * 7 • • R*plyJfl: Tampa ofllo*

January 20, 1987

Mr. Victor N. Howard, P.E.
Pollution Control Officer
Broward County Environmental
Quality Control Board

500 S.W. 14th Court
Ft. Lauderdale, FL 33315

RE: Peoples Gas System, Inc., Cox Plant, Ft. Lauderdale,
Florida

Dear Mr. Howard:

Upon receipt of your letter containing the analytical re-
sults for the. two*pli*^MMfpp'lrtEiote- wer« an«ly**d toy
Broward County EQCB for the Peoples Gas Ft. Lauderdale, Cox
Plant and review of the analytical data, several questions
were raised about the detection limits for methods used for
analysis. I had several subsequent conversations with
George Reilly of your office about the detection limits
associated with these results, especially since they were
two orders of magnitude lower than those achieved, by our
subcontract laboratory.

The particular concern we have regarding the collection of
additional ground water quality samples from the existing
on-site monitoring wells relates to the ability to achieve
the detection limits which your laboratory was able to reach
for the two analyses BCEQCB completed from the Peoples Gas
site. The laboratory ERM selected to use for the ground
water analyses at the PCS site in Ft. Lauderdale has an
FDER-approved Quality Assurance/Quality Control Plan and
has identified their method detection limits for the
parameters your requested which range between 10 and 25
ug/1. Occasionally, if the range of concentration in the
sample is low enough, a detection limit of 1 ug/1 can be
achieved. These detection limits are acceptable to the
Water Quality Assurance section of the Florida DER, as evi-
denced by Thornton Laboratories' approval of their QA/QC
Plan. Upon further analysis and review of 40 CFR Part 136,
July 1982, the U.S. Enviornmental Protection Agency pub-

*n ablate <f rre ^"vircn^onrsi 9^ourres Manaaernent Creuo witn ci*ires m
^0 • 3ioorrunc;"-i w« • 3c=:;:' .'A • 3rsrr,vcc3. *!• • C^sr:es:c~ -W :„•...



~v

The ERM Group

Mr. Victor N. Howard, P.E.
January 20, 1987
Page -2-

lished method detection limits which were also higher than
those achieved by your laboratory utilizing the same tech-
niques followed by Thornton Laboratories.

While I have no doubt, especially after talking to Mr.
Reilly, that your laboratory achieved these detection
limits, I have serious doubts that these detection limits
would be repeatable and accurate on a routine basis if all
of the wells on site had been split with your laboratory.
On discussing the problem with Mr. Reilly, he had indicated
to me that the analytical results reported by Thornton
Laboratories at their stated detection limits which, again,
are acceptable to the Florida DER, should be acceptable to
the Broward County Environmental Quality Control Board.
Thornton Laboratories will make every effort to achieve the
lowest detection limit, but I am not sure if their analyti-
cal instrument procedures for the next set of samples will
be able to achieve the detection limits which your labora-
tory was able to achieve. Due to the differences in labora-
tory detection limits and my client's concerns, I discussed
the detection limit problem with Mr. Reilly shortly after
Christmas. Mr. Reilly indicated to me that he felt that
Thornton Laboratories' detection limits were acceptable and
should be used as the basis for determining what level of
activity, if any, should be undertaken when the data for the
next round of ground water quality sampling is presented. I
wanted to bring this issue to your attention so that there
will be no misunderstanding about the acceptable laboratory
detection limits.

ERM intends to collect additional ground water samples from
the existing on-site monitoring wells and have these samples
analyzed by EPA Methods 602 and 610 for the laboratory
detection limits identified in Thornton Laboratories' QA/QC
Plan. It is our intention to sample these monitoring wells
during the week of January 26, 1987. We will contact Ms. Wu
directly during the week of January 19 to arrange for a



ThcERM Group

Mr. Victor N. Howard, P.E.
January 20, 1987
Page -3-

mutually agreeable time and date for sampling. I appreciate
your attention to this matter. Please contact me if you
have any questions about the enclosed material.

ly yours,

P.G.

PGrbai

cc: Madelaine Wu, Broward County EQCB
Charles Montague, Peoples Gas System
Ed Champion, Peoples Gas System
Fred Hartledge, Thornton Laboratories,
J.S. Benyon, DER - West Palm Beach *^
Newt Bollinger - Peoples Gas System
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Water Laboratory
05/12/86

Si'ca z PHOPLEi Gfia teELL
SaaipJe tarce s wiO'ilO
Lab I,l>. No*s 36650

!'!*-'.:;-.rjci No. t. 6JtO
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Cowpound Cancen-cration
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6v
/.
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13.
14. NAPHTHALENE
j. ->. J* nSNANl MRt«;^h
16, PYRHNE

2'.*

ND
Ni)
ND

ND
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M>
HI)

ND
ND

ND

0*10
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0.10
0,20
0.30
0.20
0.10
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0.30

0.10
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BROWART> COUNTY ENVIRONMENTAL QUALITY-CONTROL BOARD __ _ s

SOTURCE'SAMPLED: y^^»^^
SAMPLEDBY: ~^* £f

tf"S ^^#~ •'• *i*̂ !573r'
^l4Sj£&nS£^~ TIME:

*f2> x/ft/ 7^*. '-•••'&
AMPLE NUMBER

36649
6$%0 DATE: Y//*/&&>

SAMPLING POINT: (^jf - 3 A/OSffl* fV£j{/_ As&6*ti> *** /S& <$*(4v*s5 <^STO>7^^_

SAMPLE RECEIVED IN LAB BY: ^^- j4f//4f'/$C TIME: //$£*) DATE: ̂ /fo/%&

ff

PARAMETER

ARSENIC

BOD
5

CADMIUM

CLjRES. FREE

CL2 RES. TOTAL

CHROMIUM

C.O.D.

COLIF. FECAL

CO LI F. TOTAL

COPPER

CYANIDE

RESULTS BY:

(

LABORATORY ANALYSES (mg/1 »•

PARAMETER

D.O. < # )

FECAL STREP.

GREASE ft OIL

HYDRO CARBONS
CHLORINATED
LAS (MBAS)

' '^^$X**oU*A
MERCURY

NICKEL

NITROGEN

ODOR

pH

RESULTS

^*DOj

BY:

^W^M

•EXCEPT: COLIF/100ml -TEMP. (F&C) -TURB. UTU) -ODOR

'

PARAMETER

PHENOL. CMPDS.

PHOSPHORUS

SALINITY °/oo

SILVER

SOLIDS, DISS.

SOLIDS. SUSP.

SOLIDS. FLOAT.

TEMPERATURE

TURBIDITY

ZINC

FC/FS

RESULTS BY:

PC 427

J i•^ t

i '•

r'-' .

I?;
ti^
•••••

BOTTLE
NUMBER

SAMPLE
VOLUME

LAB TESTS

PRESERVATIVE
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WINDSHIELD SURVEY FORM

Date:
Surveyed by:

1. Site Name //? £*•*.***"££/* &** /%•>

Correct AddressJ3fgU»«r

Phone

EPA ID # FLD

Type of business/industry

2. Directions to the Site

3. Check if present on site and use the space provided to describe:

a. storage tanks (above/below ground; how many; condition)

b. berms (material/condition)

c. drums (covered/uncovered; on /o f f the ground; condition; number; labels)

d. other storage containers ' _________

e. impoundments/pits/ponds __

f. piles on ground (material ; covered/uncovered)

g. dumpster/bulk waste container _

h. air stacks -——

i. air emissions/odor (wind direction)

j. posted signs (which ones; location)

k. sprayfield/ drainfield —• _____

1. pesticide storage _____—_____

m. evidence of past f ire/fire protection equipment

n. soil discoloration



'Windshield Survey Form (Continued) j
i

o. surface water (type)

p. buildings (how many)'

q. sheds (how many) __-~

r. drainage ditches/pipes

s. wells (monitoring/drinking) ""

t. septic tank _____- _______

u. spills (describe)

v. sewers/manholes ___,,'*/ <•

w. railroad tracks

x. flora (describe) j-+*.*fr <zs*ss f£eei______________

y. fauna (describe) _________________________________

z. water supply <̂ /-yy_____̂ <7</v /̂ ^̂ gv̂ -L/H/̂ *- /r^ e,i^ **

aa. other ____________________________________________

bb. other _________________________________________

cc. other _______________________________~______________

dd. other

4. Check if present off site and use the space provided to describe:

a. soil discoloration ___________ I

b. surface water

c. drainage ditches

d. sewer systems/manholes

e. spills (describe) ___

f. leachate ___________

g. flora ____________

h. fauna

i. municipal/domestic water supply

j. other •__________________

k. other __



Windshield Survey Form (Continued)

4. Check if present off site...(Continued)

1. other _________________________

m. other

5. Access:

a. Is the site fenced (describe)?

b. Is access restricted?

c. Is the site guarded?

d. Comments

6. Is the site active<(*5andonea?

7. Surrounding community (describe land use and type of industries adjacent to the
site; proportions):

a. industrial _____________________________________________________________

b. commercial

c. residential «̂ »-̂ " ̂  .̂.̂  ,̂_̂  _

d. rural /farms _________________________________________ ________________

e. rural/woods

f. the closest business/residence is: (give name, address and distance)

g. comments



Windshield Survey Form (Continued)

8. Site sketch: (show North on map)



Windshield Survey Form (Continued)

9. Comments:

10. Recommendations:
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PHASE ffl ACTIVITIES
REPORT

PEOPLES GAS SYSTEM, INC.
FT. LAUDERDALE, COX PLANT

JUNE 2,1987



PHASES/I

PHASE III ACTIVITIES
REPORT

PEOPLES GAS SYSTEM
FT. LAUDERDALE, COX PLANT

June 2, 1987

Submitted to:

Peoples Gas System, Inc.
555 NE 124th Street

N. Miami, Florida 33161

Submitted by:

Environmental Resources Management-South, Inc.
5035 E. Busch Blvd., Suite 4

P.O. Box 290918
Tampa, Florida 33617

(813) 985-0335

RECEIVED
JUN 171387

..MI'-/ CCMTWH1 WHffll



ERM-South, Inc.
Environmental Rmearcts Management

5035 East Busch Boulevard • Suite 4 • P.O. Box 290918 • Tampa. Florida 33617 a (813) 985-0335
1637 N.W. 79tn Avenue • Miami. Florida 33126 9 (305) 591-3076

Reply To: Tampa office

June 2, 1987
Proj. No. 134-04

Mr. Ed Champion
Peoples Gas System, Inc.
555 NE 124th Street
N. Miami, FL 33161

RE: Phase III Activities - Ft. Lauderdale, Florida

Dear Mr. Champion:

The following letter report was prepared to present the
results of the Phase III ground-water sampling program com-
pleted at your Ft. Lauderdale (Cox Plant) facility. This
third phase sampling program was initiated to confirm the
results of Environmental Resources Management- South ' s (ERM)
Phase II sampling and resolve analytical questions associ-
ated with Broward County Environmental Quality Control Board
(BCEQCB) data.

INTRODUCTION

ERM was retained by Peoples Gas System, Inc. (PGS) to imple-
ment a site investigation preliminary to closure of county
activities at the Ft. Lauderdale facility. This facility,
located at thi southeast corner of Northwest 4th Street and
Northwest 7tlji Avenue in ft* tauderdale (Figure 1), through
1959, was a "coal gasification" plant, and only recently
were all aboVeground structures and appurtenances removed.
The site is located in the downtown area of Fort Lauderdale;
is outside of1 any modeled willfield cones-of -influence; and
is in an area designated'; as Zon« IV (no potable drinking
water supply* wells) by the Broward County Environmental
Quality Control Board. To comply with the County's closure
requirements, a two-phase study was initially developed and
implemented after County approval. Phase I studies included
sampling the soils on site to determine if they were haz-
ardous by virtue of EPA characteristics, as defined by RCRA.
Phase II studies included sampling the ground water monitor
to determine if any water-quality impacts due to past activ-
ities existed at the site. As a result of differences be-
tween laboratory data submitted by ERM and BCEQCB, a Phase
III study was initiated and included ground-water sampling
of the four existing, on-site wells to confirm the analyti-
cal results of the Phase II efforts. A copy of correspon-
dence between ERM and BCEQCB discussing these differences is
contained in Appendix A.

An affiliate of the Environmental Resources Management crouo with offices in



The ERM Group.
FIGURE 1

SITE LOCATION MAP
FT. LAUDERDALE. FLORIDA

FORT LAUDERDALE NORTH, FLA.
FLORIDA-BROWARD CO.

7.5 MINUTE SERIES (TOPOGRAPHIC)

SCALE 1^4000
1000 2000 »00

QUADRANGLE LOCATION



TVwERM Group

Mr. Ed Champion
June 2, 1987
Page -3-

FIELD INVESTIGATIONS SUMMARY

Phase I

On December 23, 1985, five back-hoe test pits were excavated
at the locations shown in Figure 2. These pits were exca-
vated to a total depth of approximately six feet, where the
water table jwas encountered. The soils within the test pits
were described by the on-site geologist. Soil samples were
collected fiom each pit and were composited into one sample
using the cine-and-quartering method, as described by ASTM.
The composited soil sample was then analyzed by Thornton
Laboratories of Tampa for RCRA characteristics and lead by
EP toxicity.

The soils from within the test pits contained construction
debris, such as concrete and galvanized pipe, within the
upper one foot. At depths below this surface layer, the
soils became darker and more fine-grained with depth, grad-
ing to dark brown to black, silty organic muck at the water
table.

The laboratory analysis of the composite soil sample indi-
cates that the on-site soils are not a hazardous waste, as
defined under the Resource Conservation and Recovery Act
(RCRA). None of the metals tested for exceeded the labora-
tory detection limits, as shown on the laboratory data sheet
(Appendix B) and are also below the Maximum Concentration
Limit for EP Toxicity.

Phase II

At the request of BCEQCB, fovr ground-water monitoring wells
were installed at the facility between March 11 and 12, 1986
at the locations shown in Figure 3. Continuous split-spoon
soil samples were collected in advance of the hollow-stem
augering, according to ASTM D-1586 procedures. These soils
were logged by the on-site geologist, with the associated
drilling logs included as Appendix C. During the back-hoe
test pit excavations executed during Phase I, what appeared
to be muck, peat-type soil deposits were encountered within
four to five feet of land surface. These peat-type deposits
suggested that there might be a perched water table at this
site at the time of the Phase I investigations. Therefore,
ERM was prepared to install ground-water monitoring wells
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with the screened interval within the first laterally con-
tinuous water-bearing zone beneath the peat-type material,
if a perched water table existed.

The total depth sampled during the drilling operation varied
between 12 and 16 feet below land surface in anticipation of
locating these deposits. A moderate- to dusky-brown, silty,
fine-sand was encountered at varying depths in all the bor-
ings. These soils resembled the apparent peat-type soil in
color, as observed during the Phase I investigation, but no
fibrous material was observed in any of the borings. Due to
the absence of the peat deposits and observation of a con-
tinuous saturated zone during the soil boring program, the
concept of a perched water table at the Ft. Lauderdale site
was discounted. The boring at COX-1 was sampled to a depth
of 16 feet below land surface, while sampling was terminated
at 14 feet at COX-2, due to cave-in of soils from above.
The water table was encountered at between three and four
feet below land surface and contributed to the soil collapse
in COX-2. The soils were composed entirely of medium to
fine sand-sized materials. COX-3 and COX-4 borings en-
countered silt with small pieces (0.25 to 0.50 inch
diameter) of limestone at 11.8 and 11 feet below land sur-
face, respectively, while above this were found the same
sand-sized materials as in COX-1 and COX-2, beginning at 4.4
and 7.7 feet below land surface, respectively.

These borings were converted to ground-water monitoring
wells by enlarging the bore hole with a 7.25 inch O.D.
hollow-stem auger and inserting a two-inch I.D., Schedule 40
PVC casing and screen inside the hollow stem to the desired
depth. All wells were completed with five feet of 0.010-
inch machine-slotted PVC screen attached by threaded flush
joint or couplings with stainless steel screws to an appro-
priate length blank riser to the surface. A clean silica
sand filter pack was emplaced to one foot above the top of
the screened interval. One foot of bentonite pellets was
placed atop this filter pack, and the remaining annular
space grouted to ground surface with "neat" cement. These
wells were finished at the surface with a locking cap in-
stalled inside a 2' x 2' x 4" concrete pad with a manhole
and cover. All down-hole equipment was steam-cleaned before
sampling and augering and between borings.



ThQ ERM Group

Mr. Ed Champion
June 2, 1987
Page -7-

The total depth of the wells varied with the nature of the
geologic deposits encountered at each boring location. COX-
1 and COX-2 were terminated at 15 feet below land surface in
the sand-size materials, while COX-3 and COX-4 were termi-
nated at 12 feet below land surface when the silt and lime-
stone fragments were encountered, thus placing the screened
interval within a water-producing zone to ensure that the
wells would produce enough water to permit sample collec-
tion. A Detailed Well Construction Summary Sheet for each
well is included as Appendix D. Each well was subsequently
developed by overpumping until the discharged water was
clear and free of fine-grained materials. All wells were
surveyed by a licensed Florida surveyor and base maps pre-
pared with the location of the wells and the elevations of
the measuring point (MP) of each well corrected to mean sea
level (MSL).

On April 10i 1986, water levels were measured in all wells
to the nearest 0.01 foot and a water-table contour map pre-
pared in the field to determine the upgradient well and
sequence of sampling. Sampling was performed starting with
the upgradient wells and sampling the downgradient well
last. The Water-Level Data Summary Sheets are included in
Appendix E,, and the Water-Table Map is shown as Figure 4.
The average .water-table gradient from north to south across
the site is 0.0003 feet/feet. The lack of large topographic
contrasts or surface discharge figures in the area would
result in 'very flat hydraulic gradients. The on-site
deposits would have a low hydraulic conductivity, based upon
their observed grain-size distribution and result in very
low ground water flow velocities. This sluggish south-
southwesterly flow would limit the extent of water-quality
impacts downgradient from the property boundary.

After measuring the water level in each well, each well was
purged by pumping until a minimum of three casing volumes of
water were removed and stability of pH, temperature and
conductivity were reached for three successive measurements.
The stabilized readings are shown in the Field Sample Record
as Appendix F. This purging technique is followed to ensure
that a representative ground-water quality sample was col-
lected in each well. The intake hose of the pump was
cleaned with Alconox soap and rinsed with deionized water
prior to the beginning of purging at each well. Each well



Th« ERM Group

Mr. Ed Champion
June 2, 1987
Page -9-

was sampled with a clean PVC bailer, dedicated to that par-
ticular well. All water samples were analyzed by Thornton
Laboratories in Tampa for polynuclear aromatic hydrocarbons
by EPA Method 610.

The results of these analyses contained in Appendix G indi-
cate that none of the wells, except COX-1, contained any of
the base/neutral extractable organics. Well COX-1 contained
950 ug/1 (ppb) naphthalene only. All other parameters were
below detection limits in all wells. As can be seen from
Figure 4, ground water flows in a southerly direction,
toward well COX-1. The area around COX-1 has a lower eleva-
tion than the remainder of the site and has historically
been reported to be the site's surface-water collection
area. It appears, then, that continued and past surface-
water drainage from the site to this portion of the site may
be responsible for the ground-water quality impacts observed
in well COX-1, in addition to residuals from the dismantling
of the plant which may have been discharged to the ground.
As stated earlier, surface-water drainage on site was re-
ported to be collected in the vicinity of COX-1, the topo-
graphically low area, would then percolate down to the water
table and possibly leach constituents from the surface
soils, resulting in these observed ground-water quality
impacts.

Based upon the results of our Phase II investigation, the
water-quality impacts at the Ft. Lauderdale Peoples Gas
facility were limited to only the southern portion of the
property, and the following conclusions can be stated:

The sit* is located outside of any wellfield
influence;

cones-of-

The site is in an area which contains no drinking-water
supply wells, as designated by BCEQCB;

There does not appear to be a perched water table
site, as originally suspected;

on

Ground water flows in a south-southwesterly direction
under a low hydraulic gradient;
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Ground-water flow velocities and transport are expected
to be low, based upon the fine-grained nature of the
deposits and the low hydraulic gradients;

Ground-water quality impacts were detected in only one
well, COX-1, and are likely related to seepage of
surface-water drainage in that area to ground water;

Ground-water quality impacts detected at COX-1 were at
low levels for only one base/neutral compound, naph-
thalene; and

Based upon the low ground-water flow velocities and
limited extent of observed ground-water quality im-
pacts, it is likely that the water-quality impacts are
also limited in areal extent.

Phase III

On February 4, 1987, the four existing on-site wells were
resampled and the water analyzed for total lead, dissolved
lead and for EPA 602 and 610 parameters, as directed by
BCEQCB to resolve the differences in analytical data ob-
tained from ERM's and BCEQCB's laboratory. All samples
collected throughout all phases of the investigation were
maintained using strict chain-of-custody procedures. Chain-
of-custody forms for all environmental samples are presented
in Appendix H.

Prior to purging these wells for sampling, depth to water
was measured to the nearest 0.01 foot. These measurements
were corrected to mean sea level, contoured (Figure 5) and
show that the water table is very flat, with a hydraulic
gradient- of 0.0002 ft/ft from north to south across the
site, less than the gradient observed earlier. Ground-water
flow is therefore very sluggish to the south.

The ground-water monitoring wells were sampled using the
procedure described in Phase II and analyzed again by
Thornton Laboratories using DER-approved QA/QC procedures.
The results of the water-quality analysis are shown in Table
1, with the complete laboratory data sheets included as
Appendix I.
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The analyses indicate that the ground water from COX-1 con-
tains naphthalene at a concentration (920 ug/1 (ppb)) nearly
equal to that measured in April 1986 (950 ug/1). COX-1
ground water was found to also contain other EPA 610
parameters which had not been detected by ERM during the
earlier sampling program (Table 1). In addition to the EPA
610 parameters, the sample from well COX-1 also was found to
contain other EPA 602 parameters, as shown in Table 1.

Low levels of several other EPA 610 compounds were detected
in COX-2 and COX-4, but all were near the detection limit.
No EPA 602 compounds (purgeable aromatics), were detected in
any well other than well COX-1". Total and dissolved lead
concentrations measured in the ground water are all below
the National Interim Primary Drinking Water Standard for
lead of 0.05 mg/i:

CONCLUSIONS AND RECOMMENDATIONS

Results of the Phase III sampling program confirmed the
presence of ground-water quality impacts identified in the
earlier ERM investigation. The expanded scope of the ana-
lytical testing program and lower laboratory detection
limits achieved during the Phase III study resulted in addi-
tional EPA 610 and 602 parameters identified in on-site
wells. However, well COX-1, the downgradient well, is the
only well on site showing the presence of both classes of
compounds.

Conclusions regarding the magnitude and extent of impacts
identified during the previous phases of this investigation
are not significantly altered. It appears that water-
quality impacts are highly localized and, based upon site
geologic and hydrogeologic conditions, the potential for
downgradient migration is limited. Further ground-water
quality investigations may not be particularly enlightening
with respect to additional water-quality impacts. It is
recommended that a quarterly monitoring program for the EPA
610 and 602 parameters be implemented to ensure that no
changes occur in water-quality characteristics prior to
closure of all site activities.
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ERM appreciates the opportunity to assist you with this
project. If you have any questions, do not hesitate to
contact either Bob Bretnall or me.

Sincerely yours,

Robert E. Bretnall, Jr.
Hydrogeo1ogi st

PG:bai
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APPENDIX A

CORRESPONDENCE BETWEEN ERM AND BCEQCB



"I ERM-Soath, Inc.
Environmental Resources Management

5035 East Buscn Boulevard • Suite 4 • P.O. BOX 29091B • Tampa. Florida 33617 3 (813) 985-0335
1637 N.W. 79th Avenue • Miami. Florida 33126 3 (305) 591-3076

Reply To: Tampa office

January 20, 1987

Mr. Victor N. Howard, P.E.
Pollution Control Officer
Broward County Environmental
Quality Control Board

500 S.W. 14th Court
Ft. Lauderdale, FL 33315

RE: Peoples
Florida

Gas System, Inc., Cox Plant, Ft. Lauderdale,

Dear Mr. Howard:

Upon receipt of your letter containing the analytical re-
sults for the two split samples which were analyzed by
Broward County EQC3 for the Peoples Gas Ft. Lauderdale, Cox
Plant and review of the analytical data, several questions
were raised about the detection limits for methods used for
analysis. I had several subsequent conversations with
George Reilly of your office about the detection limits
associated with these results, especially since they were
two orders of magnitude lower than those achieved by our
subcontract laboratory.

The particular concern we have regarding the collection of
additional ground water quality samples from the existing
on-site monitoring wells relates to the ability to achieve
the detection limits which your laboratory was able to reach
for the two analyses BCEQCB completed from the Peoples Gas
site. The laboratory ERM selected to use for the ground
water analyses at the PGS site in Ft. Lauderdale has an
FDER-approved Quality Assurance/Quality Control Plan and
has identified their method detection limits for the
parameters you?; requested which range between 10 and 25
ug/l. Occasionally, if the range of concentration in the
sample is low enough, a detection limit of 1 ug/l can be
achieved. These detection limits are acceptable to the
Water Quality Assurance section of the Florida DER, as evi-
denced by Thornton Laboratories' approval of their QA/QC
Plan. Upon further analysis and review of 40 CFR Part 136,
July 1982, the U.S. Enviornmental Protection Agency pub-

An affiliate cf tr.e Environmental Resources Management Crouo witn offices in
Annacotis. MO • Bioommgton. MN - Bostcn. MA • arentwcca. TN • Oianeston vw • cciumous. OH
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lished method detection limits which were also higher than
those achieved by your laboratory utilizing the same tech-
niques followed by Thornton Laboratories.

While I have no doubt, especially after talking to Mr.
Reilly, that your laboratory achieved these detection
limits, 1 have serious doubts that these detection limits
would be repeatable and accurate on a routine basis if all
of the wells on site had been split with your laboratory.
On discussing the problem with Mr. Reilly, he had indicated
to me that the analytical results reported by Thornton
Laboratories at their stated detection limits which, again,
are acceptable to the Florida DER, should be acceptable to
the Broward County Environmental Quality Control Board.
Thornton Laboratories will make every effort to achieve the
lowest detection limit, but I am not sure if their analyti-
cal instrument procedures for the next set of samples will
be able to achieve the detection limits which your labora-
tory was able to achieve. Due to the differences in labora-
tory detection limits and my client's concerns, 1 discussed
the detection limit problem with Mr. Reilly shortly after
Christmas. Mr. Reilly indicated to me that he felt that
Thornton Laboratories' detection limits were acceptable and
should be used as the basis for determining what level of
activity, if any, should be undertaken when the data for the
next round of ground water quality sampling is presented. I
wanted to bring this issue to your attention so that there
will be no misunderstanding about the acceptable laboratory
detection limits.

ERM intends to collect additional ground water samples from
the existing on-site monitoring wells and have these samples
analyzed, by EPA Methods 602 and 610 for the laboratory
detection limits identified in Thornton Laboratories' QA/QC
Plan. It is our intention to sample these monitoring wells
during the week of January 26, 1987. We will contact Ms. Wu
directly during the week of January 19 to arrange for a
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mutually agreeable time and date for sampling. I appreciate
your attention to this matter. Please contact me if you
have any questions about the enclosed material.

ly yours,

r, P.G.

PG:bai

cc: Madelaine Wu, Broward County EQCB
Charles Montague, Peoples Gas System
Ed Champion, Peoples Gas System
Fred Hartledge, Thornton Laboratories
J.S. Benyon, DER - West Palm Beach
Newt Bollinger - Peoples Gas System

1
1
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TWX 810 876-9134
THORNT LAB TPA

THORNTON LABORAiomES, INC.
1145 EAST CASS STREET

TAMPA. FLORIDA 33601 • 3880
MARINE. ANALYTICAL AND ENVIRONMENTAL SERVICES

January 13, 1986

TELEPHONE (813) 223-9702
P.O. BOX 2880

laboratory Nuntoer 630482

Sample of

Date Received

For

Soil

December 26, 1985

Environmental Resource Management South, Inc.
P.O. Box 290918
Tampa, FL 33617

Attn: Mark Culbreath

Marks: PCS Soil #1
CERTIFICATE OF ANALYSIS

EP TCKECLTY
OBONniKriON OF OOOTSMINMnS IN EXTRACT*

EPA
Hazardous
Waste

D-004

D-005

D-006

D-007

D-008

D-009

D-010

Contaminant

Arsenic (As)

Barium (Ba)

Cadmium (Cd)

Chromium (Cr)

Lead (Pb)

Mercury (Hg)

Selenium (Se)

D-011 . Silver (Ag)
* Prepared and analyzed in accordance with
Hazardous V7aste, EPA 8700-12 (FR) Federal

i| May 19, 1980.

| *snitiability (Flash Point) Does not flash
•if
\, Reactivity - Reactive
. Sulfide - <1

i Cyanide .- 3.

-

.OrogAg
5 mgAg

Maximum
Concentration
(milligrams
per liter}

5.0

100.0

1.0

5.0

5.0 .

0.2

1.0

5.0
Identification and
Register Vol. 45,

below 140 degrees

THUKNlUti LAEOI

. 0 . //

Concentration
Sample Extract
(milligrams
per liter)

<0.5

<10

<0.1

<0.5

<0.5

<0.02

<0.1

<0.5
Listing of
No. 98,

F.

WTORIES, INC.
i •
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2.6"?

U"^

atlon LocatU
Plovallnn <Z

Water
Level ..

Below M.P.
(")

1/i-T
4.^)5

i

>n V-*-' /x ^

-\ £V Height of M.P. Above LSrO-O^Y

Height
ol M.P. =

Above L.S.
(»)

-o.o>
-0.0>

Depth To
; Water
Below L.S.

3.44
A.t2.

Comments

"

Page ^ ol — ! —
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APPENDIX F

FIELD SAMPLE RECORDS



. Inc.'
FIELD SAMPLE RECORD \

PROJECT: VtcttuEfjGnftS,- V'T.\-/VA>eatM\uki PROJECT NO.: \~^A-OA

SAMPIE
DUMBER

\

2.

.1

A

STATION COLLECTION ' SAMPLED '
LOCATION DATE TIME TYPE METHOD TEMPERATUnE pll CONDUCTIVITY DY COMMENTS

COY-"^

co» -4

co, -2

co,-\

A/to/et

vuy*
4/10/6V

A/W/6C

1

iE&T

\\S8

^

<hU

e-o

^

GntO

a
«
«
^

^A»c

M'C

X&«C

1VC.

l.A

•>.\

^•3>

X\

tec

X1>w
"•fio

./lvVct/c^

^5L

A^\F

^Anr

V^\/\¥\F

^Kr

™*^w, VU>S

"Wc&A/TOJ K\T fc" \A(» A

'T\\CKZjv/^OfO VU~T "^ \ACs~V

^,^ ^ * Ute

"

;

TYPES: GW . Ground Water; SW - Surface Water; SI. - Soils; SD - Sediment; A - Air; IIW - Hazardous Waste;
W - Waste Water; PC • Process Constituents; PW - Potable Water; Biological; X - Other

COLLECTION HFTUODS: A - Auger; T - Trowel or Shovel; BH - Baek-lloe; SS - Split Spoon; B - Ball
N • Nansen Bottle; DO - Dissolved Oxygen Dunker; 1 - Kenmerer Type Sampler; X •

1 -1 'er; P - Pump; DD - Direct Dipping; I — '—

.LJi
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APPENDIX G

GROUND-WATER LABORATORY ANALYSES
4/10/86



•'-*
V

1
I

*,

\

,
;..

:.'>
:

i
4

i

j

-

0

',

~*

\

THORNTON LABORATORIES, INC.
1145 EAST CASS STREET

fWX 810 876-9134 TELEPHONE (813) 223-i

IHORN LA MARINE. ANALYTICAL AND ENVIRONMENTAL SERVICES

raborat
janple

CERTIFICATE OF ANALYSIS
LABORATORY ID $84147

May 08, 1986
EPA PRIORITY POLLDTANTS

x>ry No 636264
of Groundwater

P.O. BOX 2880

jate Received 4-11-86

?or

Barks

Environmental Resource Management South, Inc.
P.O. Box 290918
Tanpa, FL 33617
Attn: B. Bretnal

^^gProjecfSLS^^lr^Location: Peoples Gas,
"""Sampled by: REB/PAF

Ft. Lauderdale,

Field Data:
SaiDDle 1
wen cox-3
Date 4-10-86
Time 0925
Water Depth 3.8' BTOC
pH 7.4
Tenperature, Degrees C. 24'
Conductivity umhos/cm 580
Vol. Removed before

Sampling, ganons >17

TOLCJR AM M-HAT. rapraAmxRTE nwz&wrrt;
- - - EPA • " ' -

SPDES 1 COMPOUND METHOD CONOMBAIION, ug/1

IB

IB
SB
SB
7B
SB
18B

31B*-i
3$
27B
39fi

4

*Below

Acenaphthene 610/625
Acenaphthylene 610/625
Anthracene 610/625
Benzo (A) Anthracene 610/625
Benzo (A) Pyrene 610/625
Benzo (B) Fluoranthene 610/625
Benzo (Gffl,I) Perylene 610/625
Benzo (K) Fluoranthene 610/625
Chrysene 610/625
Dibenzo (A,H) Anthracene 610/625
Fluoranthene 610/625
Fluorene 610/625
Indeno (1,2,3-CD) Pyrene 610/625
Naphthalene 610/625
Phenanthrene 610/625
Pyrene 610/625

Detection Limit.

BDL*
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL

THOENION LABORATORIES
*

•^M^-^ /? //

/>''

DETECTION
LIMIT, ug/1

10
10
10
10
10
10
25
10
10
25
10
10
25
10
10
10

, INC.
"V.

i\'

0~



.tfX 810 S76-9134
jHORNT LAB TPA

THORNTON LABORATORIES, INC.
114S EAST CASS STREET

TAMPA. FLORIDA 33601 - 2880

MARINE. ANALYTICAL AND ENVIRONMENTAL SERVICES

TELEPHONE (813) 223-9702
P.O. BOX 2880

ôratory No
anple of

Received

OSKCIFICATE OF ANALYSIS
lABORATORY ID #84147

May 08, 1986
EPA PRIORTTZ POLLUTANTS

636265
Groundwater
4-11-86

Environmental Resource Management South, Inc.
P.O. Box 290918
Tanpa, FL 33617
Attn: B. Bretnal

Project: 134-04, Location: Peoples Gas, Ft. Lauderdale,
Sampled by: REB/PAF

leld Data:
Sairole
Well
Date
Time
Water Death
pH
Temperature, Degrees C.
Conductivity umhos/cai
Vol. Removed before
Sampling, gallons

COMPOUND

2
COX-4
4-10-86
1028
3.37
7.1
24
1200

>40

BTOC

QRGANICS
EPA ' ' '
METHOD CONCENTRATION, ug/1

Acenaphthene
Acenaphthylene
Anthracene
Benzo (A) Anthracene
Benzo (A) Pyrene
Benzo (B) Fluoranthene
Benzo (G3,I) Perylene
Benzo (K) Fluoranthene
Chrysene
Dibenzo (A,H) Anthracene
Fluoranthene
Fluorene
Indeno (1,2,3-CD) Pyrene
Naphthalene
Phenanthrene
Pyrene

Detection Limit

610/625
610/625
610/625
610/625
610/625
610/625
610/625
610/625
610/625
610/625
610/625
610/625
610/625
610/625
610/625
610/625

BDL*
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL

DETECTION
LIMIT, ug/1

10
10
10
10
10
10
25
10
10
25
10
10
25
10
10
10

THOPNTON LABORATORIES,



"Jjfi

THORNTON LABORATORIES, INC.
1145 EAST CASS STREET

TAMPA. FLORIDA 33601 - 2890
MARINE. ANALYTICAL AND ENVIRONMENTAL SERVICES

TELEPHONE (813) 223-9702
P.O. BOX 2880

CERTIFICATE OF ANALYSIS
LABORATORY ID S84147 •

May 08, 1986
EPA PRIORI!* KLTJDTANTS

636266
Groundwater
4-11-86

Environmental Resource Management South, Inc.
P.O. Box 290918
Tampa, FL 33617
Attn: B. Bretnal

Project: 134-04, Location: Peoples Gas, Ft. Lauderdale,
Sampled by: REB/PAF

Data:
Sample
Well
Date
Time
Water Death
PH
Temperature, Degrees C.
Conductivity umhos/cm
Vol. Removed before
Sampling, gallons

3
COX-2
4-10-86
1158

7.3
25
730

BASE/NEDTRAL

S COMPOUND

Acenaphthene
Acenaphthylene
Anthracene
Benzo (A) Anthracene
Benzo (A) Pyrene
Benzo (B) Fluoranthene
Benzo (G,H,I) Perylene
Benzo (K) Fluoranthene
Chrysene
Dibenzo (A,H) Anthracene
Fluoranthene
Fluorene
Inaeno (1,2,3-CD) Pyrene
Naphthalene
Phenanthrene
Pyrene

Detection Limit.

EPA ' ' '
METHOD CONCENTRATION, ug/1

610/625
610/625
610/625
610/625
610/625
610/625
610/625
610/625
610/625
610/625
610/625
610/625
610/625
610/625
610/625
610/625

BDL*
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL

DETECTION
LIMIT, ug/1

10
10
10
10
10
10
25
10
10
25
10
10
25
10
10
10

TBORNTON LABORATORIES, INC.



.^810876-9134
TPA

THORNTON LABORATORIES, INC.
114S EAST CASS STREET

TAMPA. FLORIDA 33601 - 2880
MARINE. ANALYTICAL AND ENVIRONMENTAL SERVICES

TELEPHONE (813) 223-9702
P.O. BOX 2880

ôratory Ho
le of

ate Received

arks

CERTIFICATE OF ANALYSIS
LABORATORY ID §84147

May 08, 1986
EPA PRIORI!! POLLUTANTS

636267
Groundwater
4-11-4*
Environmental Resource Management South, Inc.
P.O. Box 290918
Tampa, PL 33617
Attn: B. Bretnal

Project: 134-04, Location: Peoples Gas, Ft. Lauderdale,
Sampled by: REB/PAF

*

leld Data:
Sarnie
Well
Date
Time
Water Depth
PH
Temperature, Degrees C.
Conductivity umhos/cnv
Vol. Removed before
Sampling, gallons

4
OOK-1
4-10-86
1240

7.1
24
720

BASE/NEUTRAL OBGANICS

SPDES * COMPOUND
EPA ' '
METHOD CONCENTRATION, ug/1

*
Si
4
jt.t

19B

32B

Acenaphthcne
Acenaphthylene
Anthracene
Benzo (A) Anthracene
Benzo (A) Pyrene
Benzo (B) Fluoranthene
Benzo (G,H,I) Perylene
Benzo (K) -Fluoranthene
Chrysene
Dibenzo (A,H) Anthracene
Fluoranthene
Fluorene
Indeno (1,2,3-CD) Pyrene
Naphthalerw
Phenanthrene
Pyrene

610/625
610/625
610/625
610/625
610/625
610/625
610/625
610/625
610/625
610/625
610/625
610/625
610/625
610/625
610/625
610/625

BDL*
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
BDL
950
EDL
BDL

DETECTION
LIMIT, ugA

10
10
10
10
10
10
25
10
10
25
10
10
25
10
10
10

*Below Detection Limit TBORNTCN LABORATORIES, INC.
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APPENDIX H

CHAIN-OF-CUSTODY RECORDS



.joo*.

OP CDSTCDY

Collector's S**l«

Sice: Ch ^

location of Saapling:

oe o£ Sarole

C..-.-7T 4_

nirncer

Volunfi Collected

Collector's Macs >/.-&,

Signature "7*4;

/> ••

city
Hunter of Containers

Telephone (t>'3_

t * / "7

zip

Date Sacoled /,? /

Field Inf crration

ias Saaaled

-w^r- v»/rj. f (d r«T7jT A_ X^/>j
^̂ -|>. 0<0"^

Relinquished By: ]

Received By: _C£*

Relinquished By:

Received By: "

Relinquished By:

Received By: __

Authorization Fcr Disposal

Disposed By: ______——

Date/rî 1®1

Date/Tine:

Date/Time:

Date/Time:

Date/Tin*1

Date/Ti"61

Date/Tiflie:



i. Inc.
Rasourm Kanag«m«nt

CHAIN OF CUSTODY RECORD

5035 East Buscn Bculevars • Suite a • P.O. Box 29C918 • Tamoa. Florida 33617 -s 13131 985-0335
1637 N.W. 79tn Avenue • Miami. Ftonaa 33126 s (305) 531-3076

project No. /I.D.
Sampled By

A ~ O 4 _^^..- . ••• XjvoL8.a»yj5 Sheet
plea By \C.\<CLg^^. .,_________ :Bottles Supplied By
NOTE; When analyses are complete return this form tp:^

Name; ^. N^TTXKM_\__________6 EBM-South, Inc., Tampa, Florida

Sample
I.D.

Vf V cox- 3

*Z co* -4
#5 COT.-Z.
*4 cox-i

Sample
Description

GviCO^ ^A-n=5.

GrfUXJiJCi W<^TTs5.

^co^o ^TC^

Ga.oo^ W^T^

.

Shipping package opene
Emoloyer: .̂e,x- Scx»rrv^

Samples packaged & sea
Emolover: ttiA\- SoLrr* •
Received in J/a-b oratory
Employers. /TC^i^^wx'v

Collection
Date/Time

^%^

w^stT
'{S^usa
^l^^a
^^-^
\^^^

^^^
^^^

No. of
bot-
tles

2.

7.
2.
Z

Analysis
Requested

FT lT^ (& \ CJ

1™ ̂ ^^ ^0 \ ̂ J

EfrS (b\O

l£?Av (b\O

Remarks

\±^ '
\ ^ (^4 •
\A^^
\ 4^ fo

d by: ^.^aETW=«j_ Date: 4/9/64s Time: O9OQ
\NC. Containers intact O7N)

led by: ^L .^,^=TVJ^\.L Date: A/io/efe Time: \~52iG)
fJC. Method of Shipment: PM$_- ^A^»>><SE./ fturowoftaius

fl •
xby: (^4i&(~??&<rx^HJrx& Date: •*J-}l-tf& Time: J.'30/fty
"a^ t/0 Seals

Containers- intact (Y/N) &&> If/
intac
not,

t (Y/N) Ar~*
describe 'in Comments section

NOTE: Laboratory's Chain of Custody shall be in effect from receipt through
analysis.

Relinauished By
Name

ML tils
-X

Employer

- .̂ C ,̂

Received By Samples
Name

( .fjfd/fr'fJA't^/

Employer Intact
" \J>

Date Time Initials
Sender Rec'r

V/j/fe tDfa

•

COt-0-IENTS:

Ccrics: vrnite - Project file; Yellow - Quality Control Officer; Pink - Ssnpler



I ERM-South, I: ,
Environmental Rnourct. . lanaq«m«nt

CHAIN F CUSTODY RECORD

5035 East Buscn Bouievara • Suite a • P.O. Box 290918 • Tamoa. Rorifla 33517 r (813) 985-0335
1637 N.W. 79tn Avenue • Miami. Ronoa 33126 S (305) 531-3076

.r0ject No. /I 'D. \ "SM -Q H
(Lpled By -rare-bi G.

' La L.- Sheet
Bottles Supplied By -r

of
_____

MOTE; When analyses are complete return this fora to:
—— g EPM-South, Inc., Tampa, Florida

Sample
I.D.

Sample
Description

Collection
Date/Time

No. of
bot-
tles

-7
1

Analysis
Requested

.o IV)e.
,

A

\L

Remarks

Shipping package opened by:
Employer: _£

Date: 2./4/V: Time:
Containers intact

.Samples packaged & sealed by:
] Employer: f=-n_M-

Date:
Method of Shipment:

Time: O^rOn

Received in_laboratory by:
Employer:-

iContainers intact (Y/N)

-. v,— ,^ Date: £-/,-%-? Time:
Sealer?intact (Y/N) 14

not, describe in Comments section

'.MOTE: Laboratory's Chain of Custody shall be in effect from receipt through
: analysis.

Relinauished Bv
Name Employer

Received By
Name Employer

Samples
Intact

Date Time Initials
Sender Rec'r

• V^

COMMENTS:

Cooi.es: White - Project file; Yellow - Quality Control Officer; Pink - Sampler



ERM-South, 1:
Enviranm«ntQl Rvsourcv. .

CHAIN CUSTODY RECORD

5035 =ast Buscn Boulevara • Suite 4 • P.O. Box 290918 • Tamoa. Florida 33617 a 18131 985-0335
1637 N.W. 79tr> Avenue • Miami. Florida 33126 s I30S) 591-3076

j project No./I.D
I sampled By

Sheet of
tr->J?c\<. Bottles Supplied By

NOTE: When analyses are complete return this form to:
tiame; A^^rW CulWrc-V^ 6 ERM-South, Inc., Tairoa, Florida Coppvy

Sample
I.D.

cox: 2-

rt^a?o.3o)
Cox 10

Cox. \J
ffcn- *ro\3LN

Sample
Description

i ̂

v l

v*.

V.I

Shipping package opene
Employer: EfLju. ^<

Samples packaged & sea
Employer: £ru»J- SON,

Collection
Date/Time

i^iMCT^3>^r
^Z-Tss^
^h^
^^
^^^
^^^^
^^^

d by: ~7c>^.T>i

No. of
bot-
tles

~)

1

1

k

Analysis
Requested

I0^^J,TVU^'
u v*.

v«- ^^>

kt U

Remarks

•

Date: 2JM |%~7 Time: oSTDD
?VM>- Containers intact <LYJN)

led by: "Tdfe-^\ Date: 2/Cr/%7 Time: O&DT)
VAv^ Method of Shipment: TSO<.

Received in laboratory by: tt^duvfh »risr\&L«
Emoloyer: "^/Tlp.'nlPn /_zdL?<^ SeauL
Containers intact (Y/N) •+& ~1

NOTE ; Laboratory's Chain of Custody shall
analysis.

Relinauished Bv
Name

d^l

Employer

^"A^M

Received Bv
Name

UUVL
Employer

"̂ uSi1

Date: S'-^-ffT Time: &<?£>-)
s intac
f not,

t (Y/N) . fcf
describe in Comments section

be in effect from receipt through

Samples
Intact

iJ
Date Time Initials

Sender Rec'r

2-£-n tftfas- /x/h kiO'i

•

COMMENTS:

V,-. 1 1 .-...- _
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it 810 876-9134
LRNT LAB TPA

THORNTON LABORATORIES, INC.
1145 EAST CASS STREET

TAMPA. FLORIDA 33601 - 2880
MARINE. ANALYTICAL AND ENVIRONMENTAL SERVICES

TELEPHONE (813) 223-9702
P.O. BOX 2380

Karen 16, 1SS7

jatory Kutroer 653228

je of Groundwiter

jtieceived 2/6/87

Environmental Resource Management South, Inc.
P.O. Hex 2SOS18
Tampa, FL 33517

Attn: J. Constant

.̂ COl-1, Job =124-04

CEKTIFICATS CF AEALYSIS

i Results,

isthylene 100
sceie & Fhenanthrene 150

(A) Anthracene & Chrydene 75
(£.) Pyrene
(B) Fluoranthene
(OI) Perylene
(K) Fluoranthene
zo (A,E) Anthracene
Athene
me
c (1,2,3-CD) Pvrene

"

Athene ED *

EDL
BDL
EDL
BDL
EDL
EDL
60
BDL
920
EDL

Detection Limit

Detection Lirnit,
uc/L

5
5
5
5
5
5
10
5
10
5
5
10
5
5

TEORNTCK IAECRA.10RIES, IEC.
N.

/•
: i



,,0876-9134

;&toty Kurrfcer €53223

•e of GreuncJ

Received 2/6/S7

THORNTON LABORATORIES, INC.
1149 EAST CASS STREET

TAMPA. FLORIDA 33601 -2880
MARINE. ANALYTICAL AND ENVIRONMENTAL SERVICES

iterch If.- I£S7

Environr-entcd Resource l-'snacerient South, Inc.
?.G. Eos 290S18
Tarica, FL 33617

TELEPHONE (813) 223-9702
P.O. BOX 2880

A'ctn: J. Constant

«: -ro-iect 0134-04, Feccles Gas, Ft. Laucei:ca!e, Sen^led b^1: Torci, Eeck.;
I Well *ODK-1, DateAiir^: 2/4/87, 17:13

E OF AEftIZSIS

602

tr.e
rcbenzene
Ibenzene
ene
Sylene
lene

Results,
uc/t-

1,360
EDL*
129
36
250
186

Limit of Detection
per liter)

1C
10
10
10
10
10

iow Detection Limit.

LREORA1ICRLES, TI7C.

. .
/-/ •--•. A

.*^ * Iv -j(



(810876-9134
0RNT LAB TPA

THORNTON LABORATORIES, INC.
1145 EAST CASS STREET

TAMPA, FLORIDA 33601 - 2880
MARINE. ANALYTICAL AND ENVIRONMENTAL SERVICES

liarch If, 1557

TELEPHONE (813) 223-9702
P.O. BOX 2880

tatory Nurrcer €53223

Le of Girouncwc.tei-

Received 2/5/S7

Envircnn*nt&.l Resource 1'iSnaceir.ent South, Inc.
P.O. Eos 290SI8

! Tansca, FL 33617

Afctn: J. Constant

js: riroiect §134-04, Feccles Gas, Ft. LauoeL-cale, Saiqrlecl by: Toidi, Eech?
. Well SCOX-l, DateA-iir<e: 2/4/87, 17:15

CERTIFICATE CF M

602

er.e
trcbensene
flbenzene
cene
•Kylene
i'lene

Results ,
uc/L

1,360
EDt.*
129
36
250
186

Limit of Detection
f litsi)

10
10
10
10
10

low Detection Limit.

'a±SL/i<b;.LC/fl , use.
•' . / '



*X 810 876-9134
MORNT LAB TPA

THORNTON LABORATORIES, INC.
1145 EAST CASS STREET

TAMPA. FLORIDA 33601 • 2880
MARINE ANALYTICAL AND ENVIRONMENTAL SERVICES

TELEPHONE (813) 223-9702
P.O. BOX 2880

toratory Nuntoer 653225

ole of

Received

Groundwater

2/6/S7

March If, ISS'

Environmental Resource Hafie.cen.ent South, Inc.
P.O. Box 290S1S
Tarnca, FL 33617

Attn: J. Constant

COX-1, Job §134-04

CERTIFICATE OF AKM2SIS

Dicscived Lead (?b)*

0.03

<C.01

*Filtered in "Field

results e:cpressed in rcc/L unless otherwise noted.

. accorcinc to "Standard Meti;ccls for the Ex£r.ar»ation of ViaterSvastewater"
^ Latest Edition. LAECKfiTORY ID §84147.

lECRNICn IADOER3CRIES,



tt 10 876-9134
/RNT LAB TPA

THORNTON LABORATORIES, INC.
1145 EAST CASS STREET

TAMPA. FLORIDA 33601 • 2880
MARINE. ANALYTICAL AND ENVIRONMENTAL SERVICES

TELEPHONE (813) 223-9702
P.O. BOX 2360

March 16, 19G7

story Barter 653213

A of Grounowater

(Received 2/6/87

• Environir^ntai Resource Kanacsr-snt South, Inc.
P.O. Box 2SC518

32617circa. FL

Attn: J. Constant

f: COX-2, Job §134-04

fchthene
fchthylene
pcer.e

(A) Anthracene
(A) Pyrene
(B) Fiuoranthene
(GKI) Perylene
(K) Fluorar.thene

ene
120 (A,E) Anthracene
anthene
:ene
» (1,2,3-CD) Fyrene
Kalene
fenthrens

ww Detection Llitit

CERTIFICATE OF ANALYSIS

Results,
uc/L

EDL
BDL
BBL
EDL
BDL
BDL
EDL
EDL
EDL
EDL
BDL
BDL
EDL
6.1
EDL
BDL

Detection
uc/L

Limit,

5
5
5
5
5
10
5
5
10
5
5
10
5
c
5

TEDS&EOB LABORATORIES, INC.

/ _.



THORNTON LABORATORIES, INC
1145 EAST CASS STREET

X 810 876-9134 TAM FUOR|OA 3360, . TELEPHONE (813) 223-9702

OHNT LAB TPA MARINE. ANALYTICAL AND ENVIRONMENTAL SERVICES P °' BOX 288°

t-arch 16, 1SS7 -

ratory Barter 653213

«e of Groundv/ater

Received 2/5/87

i Envirorersentsl Resource Henaceirent South, Inc.
F.C. Box 230518
Taiupa, FL 33617

Attn: J. Constant

Is: Project 1134-04, Peonies Gas, Ft. Lauceircaie, Saraled bvr: Tcrdi, Eec!;;
j Well KD&-2t DateAiE*: 2/4/87, 14:47

S OF ANALYSIS

Results, L-inut of Detection
6C2 uc/L (irdcrocrarrfi per liter)

EDL* 1
srobenzene EDL 1
'Itenzene EDL • 1
me EDL 1
•Sylene EDL 1
iene EDL 1

tewixw Detection Liinit.

TEDElNroH LAEOE»roRI2Sf JJ5C.



1(810 876-9134
f)RNT LAB TPA

THORNTON UBORATORIES, INC.
1145 EAST CASS STREET

TAMPA. FLORIDA 33601 - 2880
MARINE. ANALYTICAL AND ENVIRONMENTAL SERVICES

TELEPHONE (813) 223-9702
P.O. BOX 2880

Harch 16, I5n?

ptory Kuircer £53213
i

|e of Grounuwstsr

iReceived 2/6/87

SCUrCe ******* South, inc.
Tanpa, FL 33617

Attn: J. Constant

i: COX-2, Job §134-04

Lead (Pb)
; Dissolved Lead (Pb)*

CEKTIFICKEE CF A^3\TJySIS

<C.01

<G.GI

*Filterec in Field

in otfceruise

1ECH7ICI-1 LABORATORIES, TJ-JC.



/WX 810 876-9134
•THORNT LAB TPA

THORNTON LABORATORIES, INC.
1145 EAST CASS STREET

TAMPA. FLORIDA 33601 • 2880
MARINE. ANALYTICAL ANO ENVIRONMENTAL SERVICES

TELEPHONE (813) 223-9702
P.O. BOX 2880

March ic, IS57

poratory Kuifcer 653214

jpie of Grouncw£ter

pe Received 2/6/87

r Environirientai Resource Kanac-erent South, Inc.
P.O. Eoz 250513
Tarrfa, FL 23617

Attn: J. Constant

COX-3, Job §134-04

a. 6ic
jaiaphthene
jsnaphthylaie
chracene
nzo (A) Anthracene
nzo (A) Pyrene
tizo (E) Fluoranthene
izo (GHI) Perylene
nzo (K) Fluoranthene
rysene
benzo (A,E) Anthracene
uoranthene
ucrene
deno (1,2,3-CD)
chthaiene
feianthrene

CERTIFICATE CF AHALYSIS

Results,
uc/L

ED-L*
EDL
BDL
EDL
BDL
EDL
EDL
EDL
EDL
BDL
EDL
BDL
EDL
EDL
EDL
EDL

Detection Limit,
uc/L

5——————
5
5
5
5
5
10
5
5
10
5
5
10
5
c

slew Detection Limit
l^Kora^x:̂ 3 LAEOPATOPJ.ES, INC.



tfX 810 876-9134
jHORNT LAB TPA

THORNTON LABORATORIES, INC.
1145 EAST CASS STREET

TAMPA, FLORIDA 33601 • 2880
MARINE. ANALYTICAL AND ENVIRONMENTAL SERVICES

TELEPHONE (813) 223-9702
P.O. BOX 2880

March 16, 1S87

oratory Kdcfcer 653214

le of

Received

Groundvater

2/6/87

Environr̂ ntal Resource Manace».ent South, Inc.
P.C. Box 290218
Tampa, FL 33617

Atfcn: J. Constant

is: Project -5134-04, Pfeoxilet Gas, Ft. LaixJerdale, SanKled by: Torci, Bed;;
Well §CGI-3, Date/rif,-£: 2/4/87.. 15:25

i

E CF

1602

cene
orcbenzene
'̂Icenzene

uene
-Xylene
^rlene

Results,
uc/t-

EE'L*
EDL
BDL
EDL
EDL
BDL

Limit of Detection
(iriicrocrsKS per liter)

1
1
1
1
1

'low Detection Liirit.

UffiGRKIDRLES, INC.



THORNTON LABORATORIES, INC. •• ••-.••
1 1 43 EAST CASS STREET

I 810 876-9134 FLOR|OA 3360, . 2880 TELEPHONE (813) 223-9702

BRNT LAB TPA MARINE. ANALYTICAL AND ENVIRONMENTAL SERVICES P'°- BOX 288°

rlauch 16, 19S7

ptory Ntircber 653214

ie of GiOundwatar

(Received 2/6/87

Environmental Resource J-'anacensnt South, Inc.
P.O. Eo:c 290913
Taroa, FL 33617

Attn: J. Constant

5: COX-3, Job i!34-04

CERTIFICAIE OF ANALYSIS

Lead (Pb) <0.01

Dissolved Lead (Pb)* <C.01

*Filtered in Field

,'results e:cpressed in mc/L unless otherwise noted.

jysis acccrcinc to "Standard Methods for the Errandnation of MateraJastev/c.ter"
*r Latest Edition. LAECPATCFY ID §84147.

TBCFJ^TICI-I LftH3RAICPISS, IEC.



THORNTON LABORATORIES, INC.
1145 EAST CASS STREET

J«10 876-913* TAMPA^ FLO^OA 3360J . 2Beo . TELEPHONE (813) 223-9702

jflNT LAB TPA MARINE ANALYTICAL AND ENVIRONMENTAL SERVICES P'°- BOX 298°

March 16. 15S7

ptory Number 653225

[e of Ground-water

Received 2/6/87

Environmental Resource Hanaceaicnt South, Inc.
P.O. Eox 290918
Tampa, FL 33617

Attn: J. Constant

i: Well SGCX-4, Project =134-C4

OF AEALYSIS

Results, Detection Limit,
ilO uc/L uc/L

cv; Detection Limit

^hthene EDL* 5
chthyiene EDL 5
iccene EDL 5
o (A) Anthracene EDL 5
fe (A) Pyrene EDL ' 5
9 (B) Fluoranthene &
to (K) Fluoranthene ' 6 . 5 5
b (GHI) Perylene EDL 10
fene • EDL 5
fizo (A,H) Anthracene EDL 10
Jranthene EDL 5
tene BDL 5
ho (1,2,3-CD) Pyrene EDL • 10
thalene EDL 5
anthrene BDL 5
fee EDL 5

TECK-7TGH L«EGPA1OFIES, H3C.
. ^ X» v ̂  V
—7^-- S'^7



810 678-9134
RNT LAB TPA

THORNTON LABORATORIES, INC.
11 45 EAST CASS STREET

TAMPA. FLORIDA 33601 - 2680
MARINE. ANALYTICAL AND ENVIRONMENTAL SERVICES

1 £•It,

story ElarJber 653225

e of

Received

Grouncv.ater

2/6/S7

Environmental Resource i!an£ceir.ent South, Inc.
P.O. Bo;; 29CS1S

FL 33617

Attn: J. Ccris-tEnt

TELEPHONE (813) 223-9702
P.O. BOX 2380

s: Pro-;ect =134-04, Peoples Gas, Tc. Le.U'
Vteli 5CGX-4, DateAi^: 2/4/87, 16:3C

Tc. Lc.ucercclfe. Seirplec by: Torci, E-ecic;
, 16:3C

CERnFICRTE CF AIJAIZTSIS

1

5C2

ir.e
rcbenzene
Lbensene
aie
Sylene
lene

Results,
uc/L

EDL-
EDL
EDL
EDL
HJL
EDL

Limit cf Detection
(r-iicrcc-t^o per liter)

i
1
1
1
1
1

lo\v Detection Liir.it.

TBuKKICN LftEOEKDDRIES,



k 810 876-9134
JJRNT LAB TPA

THORNTON LABORATORIES, INC.
1145 EAST CASS STREET

TAMPA. FLORIDA 33601 - 2880
MARINE. ANALYTICAL AND ENVIRONMENTAL SERVICES

TELEPHONE (813) 223-9702
P.O. BOX 2880

?.:*s-r"- 1? TCP. 7• ICL^W*. *.Gf X- .' /

ptory Nuirber 653229

ie of Ground-water

I Received 2/6/87

Environmental Resource Mar.ageir.snt South, Inc.
P.O. Box 290S18
Tanca, FL 33617

Attn: J. Coiistant

is: COX-4, Job §134-04

C2ETIFICAIE OF ANALYSIS

Lead (?b)

Dissolved Lead (Pb)*

0.05

<C.Oi

*Filterec in Field

I results expressed in irc/L unless otherwise noted.

lysis according to "Standard Methods for the Er-arcination of
k, Lctest Edition. LABORATORY ID $54147.

(I



T:

,810876-9134
jflNT LAB TPA

THORNTON LABORATORIES, INC.
1145 EAST CASS STREET

TAMPA. FLORIDA 33601 • 2880
MARINE. ANALYTICAL AND ENVIRONMENTAL SERVICES

TELEPHONE (813) 223-9702
P.O. BOX 2880

March 16,

atory Kuirfcer 653215

6 of Groundwater

Received 2/6/87

Envircnrental Resource Hanagensent South, Inc.
P.O. Eo:: 290918
Tawca, FL 33617

Attn: J. Constant

COX-10, Job §134-04

iiO

chthene
phthyiene
scene
i (A) Anthracene
i (A) Pyrene
i (B) Fluoranthene
i (GHI) Peryiene
i (K) Fluorenthene
>ene
20 (A,H) Anthracene
ranthene
:ene
10 (1,2,3-CD) Fyrene

aithrene
le

CERnFICATE CF AIM2TSIS

Results,
ug/L
¥DL*
EDL
EDL
EDL
EDL
EDL
BDL
EDL
EDL
EDL
EDL
EDL
EDL
EDL
EDL
EDL

Detection Lindt,

5
5
c
5
10
5
5
10
5
5
10
5
5
5

?.v Detection Limit

TEORCTCH LfiECRATCKIES, Il-C.

—r- „ /'.I /'-^ .
—.--~ .'• v-»--s—.—. .•. / .....? /v.. ^. ..-.. .



}10 878-9134
JINT LAB TPA

THORNTON LABORATORIES, INC.
1145 EAST CASS STREET

TAMPA, FLORIDA 33601 • 2880
MARINE. ANALYTICAL AND ENVIRONMENTAL SERVICES

TELEPHONE (813) 223-9702
P.O. BOX 2880

Ilarch IS, 15S7

itory Kurcber "653215

> of Grcunclwciter

Received 2/6/S7

Envirorm-entai Resource Kar.ac£ir;ent South, Inc.
P.O. Eo:: 2S09I8
Tanrja, FL 33617

Attn: J. Constant

:: Prc-iect =134-04, Peoples Gas, Ft. Lauceicale, Saroltd by: Torci, Eec!;;
Vfell eCCX-10, Date/Tirae: 2/4/87, 15:43

CERnFICKTE OF Ala\IlTSIS

102

r.e
xbensene
Ibensene
ne
{ylene
•lene

Results,
uc/L

EDL*
EDL
ED-L
EDL
EEL
3DL

Liifdt of Detection
(rracrocrarns per liter)

i
1
1
1
1
1

!ow Detection Liirdt.

TBDENICK LABORKIOREES, INC.

.-• V i s



THORNTON LABORATORIES, INC.
810 876-913* TAMPA> FLOR|OA 3360, . TELEPHONE <8t3J 223-9702

1145 EAST CASS STREET
AMPA. FLORIDA 33601 • 28!

^ORNT LAB TPA * MARINE. ANALYTICAL AND ENVIRONMENTAL SERVICES P °' BOX 288°

i larch 16, 1S87

iratory llunber 653215

pie of Groundwater

• Received 2/6/67

Environmental Resource Management South, Inc.
P.O. Eo:c 2SCS18
Tanpa, FL 33617

Attn: J. Constant

is: COX-10, Job §134-04

CERTIFICATE OF ANALYSIS

Lead (Fb) <0.01

Dissolved Lead (Pb)* <C.01

*Filtered in Field

•results eisressed in ms/L unless otherwise noted.

1'sis according to "Standard Methccs fcr the Eissaination of T-rater^astev/ater"
>•• Latest Edition. LREORhTOW ID 164147.

jo; LABCRAZCRIES, me.



,810876-9134
|RNT LAB TPA

THORNTON LABORATORIES, INC.
1145 EAST CASS STREET

TAMPA. FLORIDA 33601 • 2880
MARINE. ANALYTICAL AND ENVIRONMENTAL SERVICES

TELEPHONE (8t3) 223-9702
P.O. BOX 2880

March 16, 1S-S7

atory Kun±>er G5321S

e of Grcuncv/at&r

Received 2/6/87

Environmental Resource Hanacerrent South, Inc.
P.O. Box 2S0918
Tainpa, FL 33617

Attn: J. Const gait

COX-11, Job =134-04

•10

i&hthene
iphthylene
racene
) (A) Anthracene
) (A) Fyrene
) (E) Fluoranthene
) (GHI) Per/lene
) (K) Fluoranthene
sene •
izo (A,H) Anthracene
ranthene
cene
10 (1,2,3-CD) Pyrene
thalene
snthrene

CERTIFICAIE OF ANALYSIS

Results,
UC/L

EDL-
EDL
BDL
EDL
EDL
EDL
BDL
EDL
BDL
EDL
EDL
EDL
EDL
BDL
EE'L
EDL

Detection Limit,
uc/L

5
5
5
5
10
5
5
10
5
5
10
5
5
5

cw Detection Liir.it

TBQRZEQH LABOFATOKCES, IKC.



^810876-9134
TPA

THORNTON LABORATORIES, INC.
1145 EAST CASS STREET

TAMPA. FLORIDA 33601 - 2880
MARINE. ANALYTICAL AND ENVIRONMENTAL SERVICES

TELEPHONE (813) 223-9702
P.O. BOX 2B80

Htrch 16, 1=87

story Ember" 653216

le of Grcundvater

Received 2/6/87

EnviroraEental Resource [.iar.acerr.ent South, Inc.
P.O. Box 290518
Tairca, FL 33617

Attn: J. Constant

5: Pronect £124-04, Peccles Gas, Ft. Laucercale, San^Ied bv: Tordi, Beck;
tveli SO3K-U, DateAifi*: 2/4/87, 16:00

CEKTIFICA3£ OF P&KLXSIS

;o2
r.e
icbensene
Ibensene
jne
[ylene
Lene

Results,
uo/t,

EDL*
EDL
EDL
EDL
BDL
EDL

Limit of Detection
(microcrams per liter)

1
1
1
1
1
1

ow Detection Limit.

IAECPAIDREES, IKC.



THORNTON LABORATORIES, INC.
1145 EAST CASS STREET

,4 0810 876-9134 TAMPA^ ̂ ,0*3360, . 2880 TELEPHONE (813) 223-9702

^.' XJRNT LAB TPA MARINE. ANALYTICAL AND ENVIRONMENTAL SERVICES P-O- BOX 288°

March 15, 1S87

jatory Eurber 653216

ie of Gi.*ouncl\v-at£r

, Received: 2/6/57

Envii-onnvantai F-escurce i-:anacerr>ent South, Inc.
P.O. EC:: 250518
TSTi,pa, FL 33617

Attn: J. Constarit

s: COX-11, Job S134-C4

CERTIFICATE CF AKRL5TSIS

Lead (Pb) <0.01

Dissolvfeu jueac (Fb)* <0.01

*Filterecl in_Field

results expressed in mcA unless otherwise noted.

lysis accordina to "Standard Kethcds for the Eitamination of WaterCNasteweter"
.-., Latest Edition. L^EOPATDFY ID §04147.

TECK7ICK LABOFAICRIES, H=C.



0810 876-9134
ORNTLABTPA

THORNTON LABORATORIES, INC.
114S EAST CASS STREET

TAMPA, FLORIDA 33601 - 2880
MARINE. ANALYTICAL AND ENVIRONMENTAL SERVICES

TELEPHONE (813) 223-9702
P.O. BOX 2880

March 15, 13G7

t* ratory Euirfcer 653230

| le of Ground

* .Received 2/6/57

JJ44V »*•—-—"—— ^

P.O. Bo:: 2909x5
Tanr-a, FL 33617

Attn: J. Ccnstaî .t

•* -S: v-:ell §CCX-14, Jcb 5

610

aphthsne
•schthylerie
iracer.e
;o (A) Anthracene
:o (A) Pyreaie
;o (E) Fluorantî ene
ienao (K) Fluoranthene
:o (<SI) Perylene
fsene
inso (A,E) Anthracene
>ranthene
scene
5nc (1,2,3
ithalene
'lanthrene
me

Pyrene

Kanacer^t South, Inc.

CER ICZOE CF M3M2BIS

Results,
ug/L

BDL*
S.4
EDL
EDL
EDL

S.7
EDL
EDL
BDL
EDL
BDL
EDL
BDL
EDL
EDL

Detection Liirdt,
uc/L

5
5
5
5
c
*t

5
10
5
10
5
c-/
10
5
5
5

Low Detection Limit
TEOHTIQH LJsEOPATOPIES, IKC.

/TV
r^"./ •' -*-:



i Reference 10

August 20, Idas

Mr. Charle* Montague . , - . - . - .
Vie* President
Peoples Gas System Inc.
Post Office Box 520355
Miaai, Florida 33152

-:• (<• .- ...
Dear -Hr," Montague: .... . . , . , . -.

^ ' : • ' •• : . _ , . ; _ • - • . < ' . . . . ' • • • -

The Hazardous Waste Manageoent Program has reviewed your application
for a h«ar«o«j waste EPA I.C. ftuober «&. i generator. Based .on the
infOMMfctan rtcelved-yoti have been Issued the following Identification
nuoter for the facility located at 398 MW 7 Avenue, Ft. Lauderdale, Florida
33311:

- - . -- FLO 981 026 354.

v:' Florida Adniflfstratfve Code Rule 17-30 requires all generators of
hazardous- taste Md all hazardous waste treatment, storage, or disposal
facilities to file an annual report of their hazardous waste activities with
the OER. You are required to comply with this rule concerning the filing of
an annual report by March 1 for the preceding calendar year. Additionally,

.all Hazardous waste generators and .facilities that are not subject to the
"annual report requirement but maintain an EPA/DER identification number are
required to:verify their status annually. This includes saall quantity
generators; generators that beneficially reuse or recycle all their waste,
or generators and facilities either not handling waste during the reporting
year or qualifying for another exemption. The annual report forms will be
sent b l̂ne .Department to the contact person at the address identified on
th« notification form,

Jf any of the information on the Hazardous waste Activity form changes,
t please notify us In writing at the letterhead address. If I can be of
further assistance, please call 904/488-0300.

•• . . Sincerely,

MB/IS
cc: Nell Keever - EPA/ftegion IV

. «Xfeff Tobergte - OER/West Palm Beach

Jfelinda Bergeson
Solid & Hazardous tfasti

Dept. of Environmental Rag.
West Palm Beach



\
- FOH OFFICIAL. USE ONUWA

IX. DESCRIPTION OF HAZARDOUS WASTES (continued from fronti } tKasilatMfSiaLmssiia^at!MaMBBSfiaafK^^sif!B
A. HAZARDOUS WASTES FROM NON-SPECIFIC SOURCES. Enter the four-digit number from 40 CFR Pan 261.31 for each listed hazardous

' wane from non— specif ic sources your installation handles. Use additional sheets if necessary.

1 .

i

tl > 14

- 7

a

t! • 14

t

kl . 14

3

11 • t4

»

fl - t*

4

11 * 14

te

a • »

*

11 - 14

II

11 • t4

•

U 14

IZ

t» - »

B. HAZARDOUS WASTES FROM SPECIFIC SOURCES. Enter the four-digit number from 40 CFR Pan 261 .32 for each listed hazardous waste from
specific industrial sources your installation handles. Use additional sheets if necessary.

r IS

II - 1.
1*

zs

14

11 • 14

ze

11 - 14

ze

IS

11 - 14

Z1

Z7

l«

n - »
zz

17

11 - 14

23

u - t«
Z*

II

1> - 1«

Z4

11 • 1«

30

C. COMMERCIAL CHEMICAL PRODUCT HAZARDOUS WASTES. Enter the four-digit number from 40 CFR Pan 261.33 for each chemical sub-
. stance your installation handles which may be a hazardous waste. Use additional sheets if necessary.

31

.
11 • 14

37

tl • 14

43

11 - 14

3Z

tl - M

sa

IJ - 14

44

11 > 14

33

It

11 - l*
41

» - 11

14

S~ • »

M • 14

4«

11 • »

is

41

11 * 14

47

13 * 1*

3C

1» • 14

42

« - »

41

11 • 14

D. LISTED INFECTIOUS WASTES. Enter the four— digit number from 40 CFR Pan 261.34 for each listed hazardous waste from hospitals, veterinary
hospitals, medical and research laboratories your installotion handles. Use edditionel sheets if necessary.

4*

*) - 14

ao

ii • »

91

11 - M

SI

» • It

S3

X) • a*

54

13 • 14

=. CHARACTERISTICS OF NON-LISTED HAZARDOUS WASTES. Mark "X" in tne boxes corresponding to the characteristics of non-lined
hazardous wastes your installation handles. fSee 40 CFR P»ra 261.21 — 261.24.)

*" — i~^ i— i .
j_) 1. IGNITABI-E D*- COf»4*OSIV* LJ*' KEACTIVE JX) 4. TOXIC

(0001) IDOOZ) |000» IDOOO)

v r-r^TTTif ... TirsM "̂ HKRSSR 8̂55HEiS|̂ !5*5̂ 5SBBSS?B5B!«JBS3SP!!!Ê ^

/ certify under penalty of law that I have personally examined and am familiar with the information submitted in this and all
attached documents, and that based on my inquiry of those individuals immediately responsible for obtaining the information,
1 believe that tht submitted information is true, accurate, and complete, I am aware that there are significant penalties for sub-
mitting false information, including the possibility of fine and imprisonment.

SIGNATURE NAME at OFFICIAL. TITLE ff>P« or print I

C. H. Montague, Vice Pres.S. Fla. Di\

DATE SIGNED

. 7/30/85
EPA Form 8700-12 (6-80) REVERSE



STATE OF FLORIDA

DEPARTMENT OF ENVIRONMENTAL REGULATION

DALE TWACHTMANN 2L-——_O——ilfc BOB MARTINEZ
SECRETARY \%WAw/ V*AiJI/ GOVERNOR

09-24-87

CHARLES MONTAGUE. VICE PRESIDENT
PEOPLES GAS SYSTEM INC.
P.O. BOX 520855
MIAMI FL 33152

RE: 1986 Annual Report - FLD981026354

In January of this year, the Department of Environmental Regulation sent
you 1986 Hazardous Waste Annual Report forms to complete. As a
hazardous waste generator and/or owner or operator of a hazardous waste
treatment, storage, or disposal facility, you were required to submit an
annual report to the Department by March 1, 1987. This requirement is
specified in Chapter 17-30 of the Florida Administrative Code.. As of
this date, the Department has not received the appropriate annual
report for 1986. You are hereby requested to submit the report as
required within 30 days.

If you notified the Department as a generator of hazardous waste and
have subsequently determined that you qualify for small quantity
generator status (generate less than 1,000 kilograms or approximately
250 gallons of hazardous waste per month), you must certify your small
quantity generator status on the annual report form. This can be
accomplished by completing Items I-VIII.

The Department considers the annual report requirement to be a
significant component of the hazardous waste regulations. Failure to
provide the required annual report within 30 days may subject you to
further enforcement action.

If you have any questions, please contact Linda Lakes, the Annual Report
Coordinator, at (904) 488-0300. Thank you for your cooperation.

Sincerely,

Robert W. McVety, Chief
Bureau of Waste Management

Enclosure

cc: Charles Ouseph - DER/West Palm Beach

Protectina Florida ami Your Quality nf life



DIVISION OFFICES
S6S HE. 184TH STREET • PO. BOX 520655

NORTH MIAMI. FLORIDA 33152-0656

10/1/87

State of Florida
Department of Environmental Regulation
2600 Blair Stone Road
Tallahassee, Florida 32301-8241

Attention: Linda Lakes

Re: 1986 Annual Report - FLD981026354

Dear Ms. Lakes:

Per our telephone conversation today concerning referenced report, I
am enclosing same with only the first two pages filled in as you re-
quested.

Since this division of Peoples Gas System, Inc was issued a change of
classification from generator to non-handler in 1986 and subsequently
received a notice, dated January 9, 1987, stating that unless we "did
generate or handle any hazardous waste during 1986" we would not have
to submit a report and our status would remain "non-handler", the 1986
report was not submitted.

Please note that the "non-handler" status is applicable to the above-
referenced EPA/DER ID NUMBER which pertains to our Ft. Lauderdale site
and to our North Miami Beach site, EPA/DER ID NUMBER 980843163.

If you have any further need for information concerning these reports,
please contact Edwin P. Champion at (305) 893-2522. Thank you for your
consideration in this matter.

Sincerely,

sC. H. Montague
Sr. Vice President
South Fla. Divisions

CHM/et



554 17/07/8S H.05.43
FACILITY CVE3VIE.J -

FACIL ITY .Ult : ?E'1PLfcS 5AS SYjTE1" , INC
LOCATION: .JV£ Nrf 7 \VENU6
SITt SUr>taviSO3:
ktS«>.AUTH./LA?4DO>.i4ER: PtOPLcS GAS S Y S T E M INC
MdO*: CTY/3T/ZI?:
COlHThY (IF CTH£* T H A < ( THf U . i . ) :

L A S T J P O A T E i : 12/14/f
C I T Y : FORT L A U O : R D A L E S T A T E : FL

,FL

AS OF S/ JSFACILITY TYP?: 7 HAZ-SON-lNa STATUS: A ACTIVE
CLASS: TYP£ TREATMENT/PROCESS:

(CUNT.) :
DtR OFF ICE: JC.JTH..AST C 3UNT Y : J R O . A R O SITS LAT/LON: 26.07. 1 il.OO/ J0.09. 1 9.CO
5 c C T - 1 C < W N - « A N j€: 5t3«ltNTi CJAi: 2 5 E C FO<<T L»Ui)E?D»LC S.
PJP. Stii Vv- 0: 53J IQM Ci»P: D^INKII.j '-JELL CM SITE?

DISPOSAL nETHOb(S):
.( ) SPILL, L £ A K , O U f , P , £ T C . < ) IMPOUNDMENT

\ ( ) Dn Al ' l f I: LD
( ) LNCAPS J L A T IC.'l

( ) I N J E C T I O N
( ) LASD APPLICATION
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W V I K K - S O U Bl.K ( M l .

iva::on (I (Oxidat ion of hydrogen. 12) end prod-
ut combustion. O) end product of acid-base

ct inn. (4) end product ol condensation reaction
l nu i .o i i ( I) Instillation, t i ) inn exchange f.-a.

•i (/••"lile*. O) chlnimation; (-4) l i l r i a t .on
i.ii.': is dlass catho\s, lank cars, pipelines

V "spend ing agent (pa pet ma k ing, coal sl\i nies);
M-fi (extract ion, sc rubb ing) : d i luc ' i t , beer and
l>. lu ted beverages, In i t i a t ion ot lime. p«t|>er
I . I . L . ( cx l i lc pioccssmg. modeiaii t m nuclear
.iois. debarking logs: induslnal coolant, lillra-
' w.ishmg and scouring: sult'm rnining hydrol
, 1 ' i i i t land cement; hydrau l i c systems, power
rn. s>cam generation: lood indust ry , source ol
io(Mi by electrolysis and Iherniochenncal de-
iposi i ion (see under Indrogen)
,lsu l ie, steam; heavy water, o<.eaii waler . nun-
water: water, hard.

li'.iinil. Set- bound w.itei

j(»» ll)lue pis). A miMuie ol gases in.uli l iom
in. a ml strain. Ihe slc.im is decomposed b\

,:ii|. ii o\ei a bed ol incandescenl coke. 01 b\
t. .-.ipeialurc tc.u'tion wi th nalui.i! uas 01 sum

li.diocarhons. t'arbon monoxide aboui J0' r .
\rifcn about 50';; carbon uioxi i le . , r<i«ui ?' i and
. grn about ^ i.
-r,1 I lammable , dangerous ( t i e and explos ion

I \p losne l i m i t s 7 to 721', in air l ox i c h\

Oig.inic svnthesis; fuel gas: ammoii1:: synthesis
K.I s\ n thesis j;.is

ulHs-. . See sodium silicaie

l i j rd. Water contaimiig low percentages ol
.mi. and magnesium carbonates tMcarhonaies.
i t ; - ni chlorides, as a result i- l ioi i i ; conViil w i t h
-. s.i'istrates and soils Degree ol h.iuliiess is
essi-il either as grains per gallon • i pails per
.0.1 i p p m j ot calcium carbor.ate t l t ra in ot
(> per gallon is equ iva len t to PI ppml I ip to

us is consideied sof t , oxer }i) (.-rains is \ e r x
l l . i i Juerii ma\ be le;ni-n!ar\ (carbonates and

ih n.nesl or permanent iMilt.ites ehloriiies).
• ; i . ni w i d i /colites Uj.O is necessa:\ to solicit
.!ii<-i;ih hard xxa te t l e : u p > i u u > li.noness can

.in. . •>) h\ boiling I l i e - e impu: i l n s . in i c - j » u i i -
!. . hoilei scale (q «.) and i .o i io>ion ol meiais
:iii ' xiuaci. Hard waters iciiuire -.isc ol syn-
. :K-ir-rgents for satislactorv "sudsir.g " Seeal>n

mrk See dan.lv roi l

<i rrtstnlli/ ittiun. Water c l i cn . i ca l lv conibiiied
.itn ci^st:tlh/eil substances; il .an he lein.ncd

i i .MI KM)"<.', usually ><.il!. loss ot Ci •. s'.alluic
L H l l S.

pollution. Contamination oi ircsh or salt
w i t h materials that are rox'ic. noxious, or

u i-r hamidi! to hsh and other .iniinals. and lo

m.i'.. i nc lud ing t hernia! p i t i l u t i o n t o . v . ). Disposal ol
nil! ;i'.iU\] chemical ainl i ;mi ,^ , |> , ; l wastes in streams
and l i v e r s lias been i l legal since the early I^IHI's; in
ll)71 the f 1^ piohihil ' -d di iniping nl all types ol
u, i s te> i : i l < > (he otc.iu I :inili niinii . i l polUmon
icsiii'.s liom lull-oil lontaining loxii mscclicidal
l. '-.ill ui-s ( i l l spilK at sea aie a .oi'.lMiu.il pioblcin
am! probably, wi l l remain sc. See also waste I r ea i -
ineii:. f i i spill t r ea tment , l . n v i r o p i i i c n t a ! I 'roleclion
Aiiencx. e iKi ionmcnia l c l t c n u s i i v .

v> liter proofmi; H^ent. (I) \ny t i lm- lo i imng sub-
stance wincb coats a subs t ra te with a walei -repellent
lave l. such a s.i pa int. .! i uh'neroi pl . is i ie l i l m . a wax .
ri .in aspli.iiln i i in ipound. I hesr a'. ' used on a wide
i.inetx "I si, : I. nes i i ic l i i i i i iM 1 1 en lent, ma sum \ mei-
.ils. ieM:l.'s. eli

(21 \n\ mecil salt 01 (ithi-i chi-tiiic.il which mi
p 'egnal t s t e x t i l e f ibe is m sncli a '*,\\ .is In g ive an
.nr-pi-i meahle, water-tesis' .anl ptoduct I here are
l luee Upcs -t\ iSese: u-iu-M'ait 'x- . seniulmable, and
Jul.iM,' Kent walile lepellents aie waiei ili' pel sinus
.oni , l i n i n g . i ln i iuni iu i a ie ia 'e 01 I t i imate , i mulsi lv-
in . - i 'Tn i \ and pioi' i uvi , 'oli .<ids m l l i e l o i i t i i n i i u r .
n i l . i - - . .mil ,i blend ol waxes in llie ilispeise phase
Scmidurahle repellents invo)\i: p i e i i p i t a t i o n ol
insoluble m; tal sails on the 'ibers; watei -soluble
soaps ,n r,l vases .IK usually added lo ihe mix'.mc,
w h i c h is isiieciahy elhclivc on synthetic libeis.
Dui. ible lepel lonts coal iach liber w i i h a p io lec t ive
him w i t h o u t bonding Ihr in tugethei 01 sealing Ihe
aj'-er; ures

water | iuii i icnli i i i i ucalei ' . .> i i ' ! i i i « i i u ig ) Anv pio-
e..'>» \\l"TCby water is ucate.l in such a way as to
remove or reduce ur.dcsiiable impurities. The lol-
lowinc UK-Moils are used: (!) sedimentation, in
which • o.use suspended mallei is allowed lo settle
by gi:r. r.v in special t anks or ie:.eivnns; (2|c<iapul;i-
t ion ot aggtegiil"1- (called "lloc"( by means ol aln-
ni'n'.im sullate, leme sul taH. 01 so hum aluinmale
( t h e agiircgii'es are (mti ie i l f r o m cul luidal ls dis-
persed impmi'.ies .icluaie.l !". Ih - - coagulant) ; (1)
1 1 Ural ion '.It tough a hcd lit line sand, nflu'r In jsrav-
il\ t 'ow !•! hv pressure. i>> reni'Hc suspe-uied parti-
cles. i-l , hi. M :n. Hi. >n, wh ich is e I N c i i v in slcrili/
me pot:>b'e wale i . swimming [ .mis. etc.; ; 5) adsorp-
t ion 'ii . ic i ix . t led c.iibon I 11 i c i i i n v a l ot o i j ' a inc
con'uiminaiUs causing unplea'-.rii taste and odoi;
<d) liaruness icrnoval b> ion-cxcliangc or /eolite
process.

IKDA has reported that nicici i iycai i be ienio\eil
::om uatc'r by t ieatnienl wi l l s low pcicentagcs ol
black liquor from kra t t papermakmg.

gum See gnir.. n a i u i a l .

n(i'r-s(ilul)lr nil. Ai.iinoiiia, p«!tasli, 01 sodiui
soaps of oleu\ rosin. 01 naplilht-nic aculs i'issoKe<
in mmciai oils

1111

,ed
c a o s

lises: I'.nnig, lathe-cutting; milling, polishing lubri-
cants; dressing texl i ie fibers; dust l a y i n g

Sec also soluble oil.
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Production of gaseous or liquid hydro-
m fuel* ftom coal (1) by direct addition of
jjgtn to form methane (hydrogasification): 12)
taCii.ig steam with hot coa! <800°C) :n the
nee ot air or oxygen to form carbon monoxide

<Jn,gen (synthesis gas), followed by a mcth-
K action; (3) by underground aciation. In

nds (1) and (2) the coal enters the icacliou
:n,ct in finely divided form; hydrocartion gases.
iha7 and fuel oik of various grades can be pro-
j'"'»> several modifications (»ee Fischer-
sch. Hygas, Lurgi, and Oil (ias processes) An
'imenial technique reported in Is)1') utili/es
olysis of a coal-water slurry, in which hvdro-

.nJ carbon oxides are evolved at the plat inum
roiies at I75°G. In method (3), air is pumped
no previously ignited coal scams mid thccom-
on pioducts evolved are collected. I.\peri-
,il ins ta l la t ions at a numbei »' locations h a v e
iiudei way tor several sears.
my var i a t ions ol methods! 1)and (1) l.j\c been
rched in the U.S.. but none is economically
iditivc wilh crude oil. Several have advanced
t pilot stage, and projections ol cost, i i i v c s i -

and ins ta l la t ion lot large-scale updat ion
been made Lnvnonmenta l atu! geographic

derations have also been tmvstigauil. 1 he
oiling laclor for lu lure development is :hc
ol crude.
three methods mentioned ahou- aie kvhm

feasible. During World War II hydr.vaibon
\\ete produced from coal on large icaltr in

iany by both hydrcgasification anil Hischrt-
sch methods More recently, coal conversion
ecn successfully achieved ;;i Scotland andels'.'-
: h> tht Lurgi process und in Soulh Afric;; by
ASOI method, both of which a; e basi ! on t lie
cr-lu>psch reaction.

rt. See noble gas" i n e r t .

,. See Boyle's lav.: Char les ' law; Ciav-1 UNS;:.:'S
;deal lias.

ueiled petroleum. See l iquefied pe t io l eUMI

id. See light hydrocarbon .

ur«1. Sec natural gas.

»1». See noble.
:. Coined term for a motor Cue! blend of
dtd gasoline and 10-159; e thy l alcohol. It
iuted in Europe in the !<Ws It was introduced
-biaska in 1974 during the oil emharrn. :he
o! being derived by fermentation ol spoiled
It can also be obtained from such torius ol

ass as cellulosic residues, deadfall trees and
jltural wastes, over 1 billion tons of w'nch
derated annually lii the U.S According to
. the octane number of the I09i blenJ is S8 ii>
.hich is slightly higher than that oi straight
ded gasoline (87).

Gasohol is now widely produced in the U.S. and
Bra.'il. wh, re the biend contains 2(1';; alcohol, am!
Us usi. ipa \ be expected to mi lease t i i r ther in lo t -
nialit';. on alcohol-based automotive fuel may be
obtained from National Alcofol l-u;!v Ir.ifrmation
i 'cntei . IM7 C'ole Hlvd . . ( iolt irn. t 'o l i . ra i lo S(M()1

!;»-. oil. A liquid petroleum di-.lill.ur >nth viscosity
and boiling range between kerosine ami lubricating
oil. Hoiiiiig range between 2?2 and 426'C. Flash
point I SO" I- (65.5"C). Autoignilion temp (>4(! I
(.'>37' C). t 'onihusiible.

Uses. Absorption oil, manulac t tue ol e t l iylene.

gasoline tgasolcm:). A mixture ol \oUili le hydri>tai -
hons suitable lor use in a spa ik- i^ in tcd in te rna l
combustion engulf and having an octane number oi
at least 60. The major components are bunched-
chain paraffins, cyclopar.tlfmv and a iomat icv
1 here are several methods of production, distilla-
t ion oi l i a c l i ona t ion . winch yields M i a i j j l u i nn
product of relatively low octane mimriei, used pri-
marily lor blending; thermal and catalytic cracking,
i i l c u i m i . n . po lyn ic i i / a i in i i . i s i i inc i i /a t ion and >lc-
h \ i l i i . i Acl tul mien/at ion. All but t h c t ' i s l arc various
I'Kiiii-. ol • •unvei t iug Indun'aihuii u;r-.f into motor
lucK t>\ n i u d i l i c a t i n n s o l . heir, .v.il si me! me. usua l ly
involving cal;: ly>is The pirseni source ol gasoline
is pet i oleum, lint it may also he pimlu cil liomshale
oil uiul 'Sihab.i-.ca tar saiuls. as well as In hydrn-
cvii.ilion oi gasification ol roi.l

ijrtttt:ii<nk i;a\»tint: A gasoline to which a low
piMientage of methyl tert.-butyl ether ( M l ) M i ) lus
been added to eliminate kn.u-kiiu1 and increase of
•.ant number. T his compound IMS almost coiiiplrtelv
repi.ice.l the tctraethyllead l i . ; - n e r l y useJ, which
was abandoned for env i ionmci i t a l rcasops. (ias-
olir.es nl uclanc n jnibci 100 <ii more aie uscu' chiell>.
a* aviat ion fuel, those having a research octane
number of about *>() are in gcneial a u t o m o t i v e UM
Sic i iK;> ant iknock agem, nctiini nnmbei .

ru\in.i!.'fcW f-axolnu: See natural g.isol!!it- (be-
lov.)

frtifkrdxaxofim: (iasohncs produced by the tai-
,i :yt'c decomposition oi high-boiling ciiinponcnts ,»l
pf tHi leu iT) . In general such gasolines have much
(uglier cn - t i ine ra t ings (from XO to lOOHliaii th. i t pro
d':i'-ij by Iractional distillation. I he dillctencc is
ilue to the prevalence of unsaturaled, aromatic and
hrar.chcd-cham hydrocaibons 1:1 the ciackcd ;MSO-
Unc. !he actual properties vary widely with the
na tu re of the s ta r l ing material, and the tcmpcialure.
time, pressure and catalyst used in cracking (q.v.) .

high-tH-tane Kavtitinr. A gasoline wilh an octitne
number o! fn -mWto IOO. Sr ran l iknnck gasoline; ot-
tane number.

Ifud-fn-? t-a.^iltne. An automotive t'ucl containing
no more than O.OS gram of iedd |>er gallon.designed
for use in engines equipped with catalytic con-
verters.

nuiiii til fm.tiilinr. A gasoline obtained by recover-
ing the butane, pentant, and hexanc hydrocarbons
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block polymer. A high polymer whose molecule i*
made up of alternating sections or one chemical
composition separated by '.ections of ,i different
chemical nature, or hv ;i coupling group ol low
molecular weight An example might he blocks «l
polyvinyl chloride interspersed with blocks of poly-
vinyl acetate. Such polymer combination-, arc made
synthetically; they depend on I he picscnce ol ;iii
active site on the polymer chain which in i t i a t r< i i l i c
necessary reactions. See also graft polymci, slrreo-
hlock polymei

blood. A complex. liquid h.-.sue •.>( sp. gr. !.0^(> ,tnu
pH of 7.35-7.4V Ji is comprised ol crythrocytes
(red cells), leucocytes (white cells;, platelets, plasma
proteins and serum. The plasma traction (55-7(>''r)
is whole blond from which the red and white lelis
and the platelets have hcep removed hv centr . luiv-
mg. Hemoplohin ((| v ) is a pioiein fouiu ' in i t i c
erythrocylcs; u contains the essential iion atom, itirl
functions as the !:ansport iit'Cir! lot oxytvn to in.-
heart (artery) and of cai hon dioxide troni the hear t
(vein). Experimental work has been reported on the
effectiveness <:f fluorocarhon compounds in cai1 v
ing out the essential transport I unctions o! hlood.
especially ;.!' the red cells.

Uses: Plasma is used lo restore liquid volume u:nl
thus osmotic pressure in the body where hiood loss
ha; been extensive. Animal blood is used as a
component o! adhesive mixtures; in dried or
powder form it if j component of lertili/crs, pouh r \
feeds, and deer repellents.

See also hemoglobin, plasma; platelet
bloom. < I ) A thin coating of an ingredient ol a i-.ii»-

hcr or plastic mix tu re that migrates to tne surface,
usually wi th in a lew hours a!lei curing 01 setting
Sulfur bloom in vulcanised rubber products is most
common; il is haimless, but impairs the eye appeal
of lhe product. l'ar;ilfin wax is ollen included pur-
posely; when it migrates to the surface it provides
an efficient barrier to suncheckinj: and oxidation

(2) A piece of steel ma.ic from an ingot.
(3) An arbitral1) scale tor rating the sircndh of

gelatin gels Wher so uvd the word is capitalized
(4) Efflorescent''- ol pSytnpUukton in sea wate*.

causing disroloralion o) the suiUu-c wale : Set red
t ide.

blowing agent. A substance incorporated in a nrx-
turc for Ihe purpose of piixlunnp a toam. On-, type
decomposes when heated to processing temper; lure
to evolve a p,i>.s. usually carbon dioxide, which •;
suspended in small globule:, in the mixture. Typioi
blowing agents of this I ind arr baking now.-lei

(bread and caVe), sodium bicarbonate or ;i:nm
mum carbonate (ce l lu la r or sponge rubber' ha!

carbons and methvlenc chloride in u re tha i— pc
lane in expanded polystyrene, hyd ra / i ne an.' : - - l - i i <
compounds in various lyres i>l foamed p : . i»i:
Anothe' type is air used at room tcinperainn .1-
blowing agcnl for rubber latex, it is t n t r o i i n r i
mechanically by whipping, after which the lau-\
coagulated with acid. Air is also used for tlm p<:
pose in ice cream, whipped cream, and oth.M 1-v
pioducls. ,is well as in b lown asphalt and M- 'v
vcgctahU oils See also foam.

blow molding. A uciini^uclvi piodiuMionol li.'l'o
t ne imopUis iK products It involve* p la t ing ;in "
11 tided luh i - ( p a r i M ' t i ) <i| the t h e r m o p l a s t i c in .< ""'
and ;if p lymp suff ic ie t i i an piessure to the n-- •'!-
the lu i ie to cause i t !•< <*ake on thi.- io i i to rm. i i i - ' i
the moid Polyeti iviene is t isualh used, run i .1 .:
t^ei ol othci ma!.M:.'.Is .ic- .ula^iablc i» I ' l l - r•• ' I '"
c y... ccllulosics. iv.Inns, polypropylene and pol
carbonates . U is iir: v c d r K t - n e a l i N e11i\.icni p i - ' ^ i
«nd is especially suitable for production of u>\
hottl'-s and ^iher conta inerv. us w e l l .is ai' . o-.
difonnif. duct* :'nd \siious iiilnstri,il \\"-' '!
method i> r.>>t l-.r'.itctl '.' hollow p.-i-.h^1 • !
esan p l > . . ! • ii '. 'in> L'.II: hi- Made h\ h l o u i i i ) .• ••'
and saw^i;. u aloni- the ; . i r tu ip 'ine tc PVIM «
l l O U M I I g S

blown »s»|-.nlt. See asphalt. i>iown.

blown oil ( < - > . i d i 7 c d o;i; iiasc oil: thickened > - i ' r-"i\
men/cd o i l ) \ ccciahle .-.net an imal oils whi» h n: i \
Seen neated and agi ta ted !v. .1 current ol .in <•>: "\N
fen. I hey arc pariiallv oxidi/od. drodoii/ed •'''
riiiKmeri/'. 'd by the t rea tment , and arc incic.i-."'! i
dens i t \ . Mscosity .ind drvinj; power. C ' ' " i - - n i v
S . lowi i oils arr castor, 'linseed, rape, wha t ; ;in-.
tish oiis.

;>scs : Parvs. \armshes . lubricants , and p i a s l . i i / a s

blue copi>erss. S?c copper su l la te .

blue R«S. Ser water gas
blue lead. Sec lead sulf'at'.*. blue hasic.

blueprint. See l u r n h u l l s Hltie

blue veidigris. Sec copper acct-iie, basic

blue titriol. See copper sulfatc
blush. Precipitation of water vapor in the ft i rm ol

colloidal droplets on Ihf surricc of a v n i n i . h »'
laci j t ier l i lm, c:n:srd by lowering of the iem;vi:i
lure in;i7'c<1'atelv ab<>vc the coated surface ' 'ur to
solvent evaporation This results in unsichliy j'::n"
ing <it !ht dried i i lm and can he avoided r»y use "I ••
!<•** vol.ilile solvent

buiird. Srr paperboard

R.O.I). See hiochcmical oxygen demand

hodr. i. U \ non sp'-iilic leitu appu'xmiatr1 ' . svv
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EXPLANATION r>
SOURCES OF MUNICIPAL WATER SUPPLY-IS %

D FLORIDA* AQUIFER
49 HSCAYNE AQUIFER
_ SAND-AND-GRAVEL AQUIFER
0 HAWTHORN-TAMPA,AND HAWTHORN AQUIFERS

SHALLOW SAND AQUIFER
(Includes various surflclal aquifers locally
designated as aquifers In Pleistocene sand,
in the Tami ami Formation, nonartesian aquifer,
water-table aquifer, and the shallow aquifer.)

Table 3.—Quantity of public-auppV
municipalities, 1975.

WaU
For tl.

yeut

ajrtciBsUa---̂  ———— ̂

Miami

Jacksonville

Tampa

Ft. Lauderdale

Orlando

st. peteraburg

j Horth Miami Be«

1 Penaacola

: „,»,; P.I. B*«h
joca Rat on

lakeland

pompano Beach

Holly"00'1

Cocoa

Tallahaaaee

Gaineaville

Winter Park

north MU«i

Daytona Sea

Melbourne

GW fc8'B"

GW "•"

sw »."'
.t 7U

GW lfc'/V

GW I'-81

GW "-7C
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GW e-31

SW 7'''''
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GW 5.'
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GW '•••
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ru 5,G"
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ru *ch ^

SW — .:

91
Total

Figure 2.-'Sources of water supply for municipal use.

12



Table 2.—Quantity of water supplied bv 22 municipalities, by source. 1975.

•

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

IS.

Source *

Deer Point Reservoir

Chlpola River

Quincy Creek

Hlllsborough River

Lake Washington

Manatee River

Braden River

Lake Sirena

Shell Creek

Lake Okeechobee

Calooaahatchee River

Lake Mangonia and
Clear Lake

Myakka-Hatchee River

Fordham Waterway

Infiltration gallery

Percentage Water
supplied from supplied

Municipality source cited (Mgal)

Callaway
Panama City
Panama City Beach
Springfield

Port St. Joe

Quincy

Tampa

Melbourne Z

Palmetto

Bradenton

Lake Placid

Punts Corda

Belle Glade
Clewlaton
Okeechobee
Pahokee

Ft. Myers
Ft. Myers (suburban)

Hast Palm Beach 2

H. Port Charlotte

Port Charlotte

St. Augustine

100
100
16
100

100

100

100

100

100

100

50

100

100
100
100
100

50
100

100

100

92 '

50

105
1.737

87
188

235

432

19,238

3.249

197

1,397

36

666

1,467
424
380
304

1.044
1,463

7,760

359

761

4-

41,995

In 1975, five county water t
Hgal/d of public-supply water to
five system* provided, in the agt
two supplied 42 Hgal/d of surfac>
quantities of water supplied by .

County water Population
System «erved

Bay County

Broward County
Utilities Dept.

Manatee County

Okaloosa County

Finellas County

TOTAL

65,000 11,

136,000 7

55,000 3

20,870

a/ Includes 25.39 Mgal/d for 1

Eighteen mmiclpalities a
and four are supplied from hot
four supplied by both, the su>
total supply (Panama City Beat
Charlotte) (table 2).

Table 3 lists the 20 lar;
for 1975. On the average, th<
or 72 percent of the total qu.
56 percent of the entire publ
population of the 20 cities 1
the 169 municipalities listed
population of Florida.

Ttumeral refers to figure 2.
^Includes other municipalities.
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In 1975, five count; water system* provided, on the average, 96
Hgal/d of public-supply water to a population of 595,980. Three of the
five systems provided, in the aggregate, 54 Hgal/d of ground water, and
two aupplied 42 Hgal/d of aurface water. The following table lists
quantities of water aupplied by all five.

iach

ban)

100

100

100

100

100

100

50

100

100
100
100
100

50
100

100

100

92

50

235

432

19,238

3,249

197

1.397

36

666

1,467
424
380
304

1.044
1.463

7.760

Water Supplied
County water

System

Bay County

Broward County
Utilities Dept

Manatee County

Okalooaa County

Finellas County

TOTAL

a/ Includes 25.

Population
served

65,000

136,000
•

55,000

20.870

319.110

595,980

39 Hgal/d for

For the
year
(Hgal)

11,806.21

7,081.0

3,613.5

716.64

12,055.91

35,273.26

industrial

Average
daily
(Hgal)

32.3SS/

19.40

9.90

1.96

33.05

96.60

uae.

Source

Deer Point Reservoir.

Blscayne aquifer.

Manatee River

Florldan and aand-
and-gravel aquifers.

Florldan aquifer.

Ughteen auniclpalltles are supplied entirely from surface-water sources
and four are aupplied from both surface sod ground-water sources. Of the
four supplied by both, the surface-water supply ranged from 16 percent of
total supply (Panama City Beach) to 92 percent of total supply (Port
Charlotte) (table 2).

Table 3 lists the 20 largest municipal public supplies in the State
for 1975. On the average, the municipalities listed pumped 638 Hgal/d
or 72 percent of the total quantity of public-supply water reported and
56 percent of the entire public supply in the State. The aggregate
population of the 20 cities listed is 57 percent of the population of
the 169 municipalities Hated in this report and 44 percent of the total
population of Florida.
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except a* indicated)

i-ECTION DATE: 6-17-75
iter plant.

•e (Mn)
(Hg)

> (St)

ure CC)

or

n
arathlon
rlthlen

20
.0

0
20

29

.00

.00

.00

.00

.00

.0

.0

.00

.00

.08

.00

.00

Co«nty: Bro«rd Population served: 136.000
River basin: Everglades and southeastern cosstal area (09 02 02)

Ownership of supply or »/slurn Iroward County Dtilitiea Department
Bowee of water. Ground water, Blscavne aquifer; t waU fields, 37 walls,

57 to 17* (eat deep; yield 150 to 2,600 gal/nin

Rated plant) CUT 33.2
Pompacs: Year— 7,081.0*'

Highest month: Mot reported

al/d
Average daily— 19.4 Mgal
Lowest nonth: Not reported

Per capita use: 145 g.i/d
Finished-water storace: 12.17 Mgal
Treatment Aeration, algae control, anti-precipitation and corrosion control,

chlorinacion, clarification, coagulation,filtration, flocculation, fluorldation,
sediMntatlon, softening _'

Type/Freqaeney of aaalysle; Bacteriological/weekly; ehealcal, color, and turbidity/
weekly; apectrofraphle/annually.

Sewafe dlecfaarfet 10.9 Hgal/a
8«w«g» nsaOiBl, Activated sludge, aeration, chlorlnatlon, clarification,

cowalnutlon, drying, secondary, settling, skiaeUng

Waste diacharced ta Atlantic Ocean

Remarks: SemwUM water to Hollywood (partial), Welwyn Pk.. Ughhouse ?oint (partial,
*7.»00 twtiftHU. 7.17 MtoX/d), trmnioodsadColllor Catates, Lauderdale Lakes,
IroweH Covnty areaa. Ho chemical analyals available. Sherwood and others (1973.)
a/ Includes 1095.0 Mgal supplied to Lauderdale Lakes.
b/ Also includes stabilization, taste and odor control.
~tl Breward County Utilities Dcpt. regional plant. This plant, discharges after

treatment, an additional 1.024 Ms,al/<i to a percolation pond and to Canal C-ll.
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t - - • . . .

«V-J«-T21.Ti.'t¥St'.££>..V--'* _2, JJ-~ -V.. . "- '
:^V:;:h;i*''s",?.V.>^-•*•-<^;:. '•. . _ ,. ; '. .- ~'-- ;• - •

••>?•-•*: /V-.-Y-" •>..-. .;«..•

oulatlon served: 10,000
lanatee Rlvcra (10 02 01)

Diatrlct
id aquifer, Plelatocane and
feet, yield 30 to 100 gsl/min

Avermfe dally— 1.01 Mgal
Loweat month: September, 21.44 Mgal

filtration

m 0.52 Mgal/d in 1970 to 1.01

cept aa indicated)

ACTION DATE: 6-17-75
e

•d aollda
lue at 180*C) 54$
<rdneta
iCOj) 330
mate hardneaa
iCOj) 87
icy (aa CaCOj) 243
:•) 7.8
: conductance
Wci at 25*C) 902
't-Co unlta) 55
--ure CO —
-y(JTO) 2
organic, total (C) 11

>aphate
(P04-P) .27

FOn UDDEIDALE

County: Inward Population eervadi 226,430
River baata gwrfladea and aoutheaatern coaatal area (09 02 02)

Ownerahip of supply «r syateaB Municipal
Source of water: 6«nyad vater, BlacayM aquifer; S* walla, 75 to 189 faet daap;
yield MM M I. WO gal/ala

Rated plaat capacity: 60 Mgal/d
Pnmpace: Year— 16,798.39 Mgal Average dally— 46. 02s-' Mgal

HifbeatOMmth: April, 1,822.2 Mgal Loweet nonth: October, 1,172.3 Mgal

Per capita mas 203 gal/d
Fbuahed-watar etonfe: 20 Mgal
Treatment: Aeration, chlorlnation, coagulation, filtration, flocculation,

pH control, aoftenlng, taate and odor control

Type/Frequency of analytic Bacteriological, chemical, color, and turbidity/
dally; epectrographlc/30 tinea yearly

Sewage dieefcarfK 16.97 Mgal/d (5 aevage treatment plants)

•ludge, drying, trit chamber, aklmning (2); aeration, dlgaatlon (3); contact
•tablllxatioo. Incineration (1)

Waate dleeaarfod IK ttntk Fork New tlver Canal; Intrecoaatal Uaterway (2);
Sooth F«tll.|la« liver; North Fork Middle Uvar

Raeaarmai Mwrue dally pumaage increaaed fnm 17.10 Mgal/d in 1956 to 46.0 Mgal/d
la 1»». «t? aupplled at total of 6.576 mgd to Wilton Manore, Oakland Pk, Lazy
LakexaTemarec. City alao auppliaa Uuderdale-by-the-aaa, Sea Ranch Lake, Ft.
1 imlalJtHIMHIllliiiiiil airport wdPorc (vargladea. Suppleasntary aupply for Danla,
PlantaelofeMlroward County Utilltla* Dept. (fig 24). Laaebaadothan (1972),
ihanaia4eaia»«l>»ra_ (1973) . a/ Combined pumpage, DlxleantfProapect Well Flelda.

CHZMCAL AN ALYnS (mUlllrama pet liter except aa Indicated)

ANALYSIS BY: U.S. Geological Survey COLLECTION DATE: 6-12-75
SAMPLING POINT. 261044080092001, Proapect water plant

Silica (S10{) 9.7 Diaaolvad aollda
Calcium (Ca) 100 (realdue at 180'C) 388
Magnesium (Mg) 2.8 Total hardnets
Sodium (Ha) 19 (aa C«C03) 260
Potassium (K) 1.5 Noncarbonate hardness
Strontium (Sr) .78 (as CaCOj) 15
Bicarbonate (HCOj) 299 Alkalinity (aa CaCOj) 245
Sulfate (SO*) 26 pH (unlt.) 7.4
Chloride (Cl) 33 Specific conductance
Fluorlde (F) .3 (umhoa/cm at 25*C) 619

Nitrate (HOj-N) .01 Color (Pt.Co onlt.) 45
Nitrite (H02-N) .00 Temperature (*C)
Nitrogen, organic (N) — Turbidity (JTU) —
Nitrogen Carbon, organic, total (C)

(ammonia, total (NHt-N)) .63 . orthophoaphate
Iron (Fa) !•• total (P04-P) —
Phosphorua, total (P) — •
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S«.o«t-u«ol«««ni ploM

Octon w

Conn I

l.0«r(nl< tooth
2.f>omp«M
} (>to«o«cl
4. Dilit
i Hollyxoo*
6. Helloneolt
T. Ooni«
•. Mlromor

County: Let
River basin: Caloosahatchee River

Ownerahip of mipply or fyutm- Hun
Source of water: Ground water, v

percent of supply; 11 wells 16
surface water, Caloosahatchee tt

Rated plant opacity: 8 . 3 M g a l / d
Pumpace: Year— 2089 Mgal

Highest month: May, 208 Mgal

Per capita use: 150 gal/d
Finished-water storage: 2 Hgal
Treatment: Chlorination, filtrat

recarbonation, softening

Type/Frequency of analysis: Bacter
turbidity/monthly

Sewage discharge- 6.65 Hgal/d (2
Sewafe treatment High rate trie

South Plant

Waste discharged to: Caloosahstche.

Remarks: Average dally pumpage .
in 197S. Service connections: <
Sproul and others (1972),0'Donn.
a/ Includes 2.85 Hgal/d pumped i
aquifer at the well field.

CHEMICAL ANALYSIS (nllligraN

ANALYSIS BY: U.S. Geological Su
SAMPLING POINT: 263824081513

Silica (SlOj) 5.2
Calcium (Ca) SI
Hagnecium (Mg) 14
Sodium (Na) 81
Potassium (K) 4.1
Strontium (Sr) 1
Bicarbonate (HCOj) 217
Sulfate (S04) 49
Chloride (CD 136
Fluoride (F) .3
Nitrate (N03-N) .0(
Nitrite (H02-N) .01
Nitrogen, organic (N) .7;
Nitrogen
(asnonia, total (NH4-N)) .2:

Iron (Fe) 1.6
Phosphorus, total (P) .0:
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Population served: 29,000
STt-^Terglade. and southeastern coastal are. (0, 02 02)

g^ r̂̂ '.CVSi.l'JJ- » i——Flve A'h """
^Tnt; ground «t«, .ify -*-"*1

Pwnpage: Y e a r — I . - .
HMfheet month: Hot reported

v^eaay--
Lowest month: Not reported

Per capita use: 121
Finished-water storage:
Treatment: Chlorination

Type/Frequency of analysis: Bacteriological/monthly

Sewage discharge: 3.2 Mgal /dSewage treatment: Aeration, Chlorination, activated sludge, clarification,
filtration, drying, settling, primary, secondary

Waste discharged to: Canal C-14 (Middle River). Sludge is vacuum dried and
land disposedRemarks: Average dally punpage Increased from 0.16 Mgal/d In 1956 to 3.50 Mgal/d
in 1975. City supplies water to North Andrews and Prospect Gardens. For chem-
ical analysis of water supplied, see Ft. Lsuderdsle.
a/ See Ft. Lauderdale (p. 187). •
b/ Includes 1.05 Mgsl/d commercial use.

County: Okeechobee
River basin: Taylor Creek and ir

(09 01 02)
Ownership of supply or system: Mu
Source of water: Surface water, :

Rated plant capacity: 2.BS M^al/d
Pumpage: Year—380.44 MgaJ

Highest month: Apri l , 37.6 h

Per capita use: 126 gal/d
Finished-water storage: 1.5 Mgal
Treatment: Aeration, chlorinat

flocculation, pH control, sedj

Type/Frequency of analysis: Bac 11-
dally

Sewage discharge. 0.12 Hgal/d
Sewage treatment: Activated sli

contact stabilization, dlffusi
primary, secondary

Waste discharged to: Taylor Creel

Remarks: Average dally puopagt
1.04 Hgal/d in 1975. Water sv

a/ Includes 0.104 Mgal/d conn

CHEMICAL ANALYSIS (nllllgran

ANALYSIS BY: U.S. Geological
SAMPLING POINT: 02276400

Silica (S102) 1.
Calciun (Ca) 32
Magnesium (Mg) \\
Sodium (Ha) 37
Potassium (K) 3.
Strontium (Sr)
Bicarbonate (HC03) 102
Sulfate ($04) 39
Chloride (Cl) 58
Fluorlde (F)
Nitrate (N03-M)
Nitrite (N02-N)
Nitrogen, organic (N) i.
Nitrogen
(ammonia, total (NĤ -K))

Iron (Fe)
Phosphorus, total (F)

232

'* !tar'-"' ̂ *?*SBr^?!'*'r^^5S!fe' y</'"'*'-'!;' "••2^*«t&'t?jr^^*
^$^^gfĵ »^^^^^ î̂ ffî *̂?%?^ -̂t̂ '*'j'':î »î g^
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«r except u indicated)

OLLECTION DATE: 5-15-75
t, raw, compoaita

,ead (Pb)
.ichltn (LI)
anganaaa (Mnl
ercury (Us)
olybdenua (Me)
ickcl (Nl)
Uunlta)
>leoluB (Sa)
anadlum (V)
npcrature (*C)
Lnc (Zn)

6
30
10
-
3
0
7.5
—

24
28.5
3

•.r axcapt aa indicated)

OLLECTION DATE: 5-17-75
Island Water plant

lolvad aollda
•esldue at 180*C)
>1 hardnets
is CaC03)
:arbonate hardness
is CaC03)
illnlty (aa CaC03)
•units)
•iflc conductance
mhos/cm at 25'C)
-r (Pt-Co unite)
.terature CO
>idlty(jnj)
->on. organic, total (O

158

20

19
1
5.1

295
0

30.0
1

.00
lophoaphate
>tal (TO4-P) .00

fUHTMIOH

County: Iroward PopiiUttoa aervwi: 35,000
River baaiK Evergladee and aouchaaatern coaatal area (09 02 02)

OwBenUprfmppfcrerqntM! Municipal
Source of waken Ground water, liacayne aquller; a wella, 74 to 95 feet

deep; yield 525 to 750 »al/min

•f.BM.e « — . •
Hlth«*-o«tk: March. 210.5 Mg»l

Por capita nee U8 gal/d
FinisBed-water stance: l .85MgalTreatment: Aeration, chlorlnation, filtration, softening, fluorldation

Type/Frequency of an»Jy>i« Bacteriological dailyfj chalcal, color,turbidity/
annually; bacteriological/twice weekly£'
nrafe <Uaehav(K 2.0 Hgal/do«wafe tuatamite Activated aludge, aeration, chlorlnation, contact stabilization,
drying, polishing pond, secondary

Waste discharged lot Holloway Canal

iUeaarlu: Average dally puapage Increased froa 0.05 Mgal/d In 1956 to
5.19 Mgal/d in 1975.
a/ Includes 0.726 Hgal/d coaawrcial uae.
W Treated water.
el kaw water.

CHEMICAL ANALYSIS (allllgraas per liter except as indicated)

ANALYSIS BY: U.S. Geological Survey COLLECTION DATE: 6-12-75
SAMPLING POINT: 260738080140701, Plantation Water Plant

Silica (S102)
Calciua (Ca)
Magneelu* (Mg)
Sodium (Ha)
Potaaaiun (K)
Strontlua (Sr)
Bicarbonate (RCOj)
Sulfate (S04>
Chloride (CD
Fluoride (?)
Nitrate (NOj-H)
Nitrite (HOj-H)
Nitrogen, organic (H)
Nitrogen
(anonla, total (MU-M))

Iron (Fe)
Phoaphorua, total (P)

8.6
110
2.8
27

.8

.89
304
24
48

.3

.00

.00

.9
1.9
—

Dlaaolved aollda
(realdue at IBO'C)

Total hardneia
(aa CaC03)

Moncarbonate hardneae
(aa CaC03)

Alkalinity («• CaC03)
pH (unlta)
Specific conductance
(ga*oe/ai at 25'C)

Color (Pt-Co unita)
Tenper«tur« (*C)
Turbidity(JTO>
Carbon, organic, total (C)
Orthophoaphate
total (P04-P)

416

287

38
249
7.5

668
95

243
•-2
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WATER RESOURCES OF BROWARD COUNTY, FLORIDA

By
C B. Sherwood, H. J. McCoy, and C. F. Calliher

ABSTRACT

Broward County has large potential supplies of fresh water because of its
almost 60-inch annual rainfall and its massive man-made surface-water
management system integrated with the highly permeable Biscayne aquifer.
However, the rapid urbanization of the area has been.accompanied by major
natural and man-made water problems, most of which intensify with
mushrooming population. Natural problems of flood and drought are caused by
extreme variations in rainfall that range from as much as 20 inches per day
during the rainy season to little or none for extended penods in the dry season.
Man-made problems include contamination by sea-water intrusion or by
man-made wastes and management of water resources so that maximum
long-term supplies can be developed. Although the development of adequate
supplies for all needs will become a more critical problem in the future,
contamination is the chief threat to present supplies.

Surface water is derived from rainfall, ground-water inflow, and releases
and seepage from'interior water conservation areas. The quality of the surface
waters is initially good but variable; mineral content generally does not exceed
500 mg/1 (milligrams per liter).

Although the surface-water supply is large it is variable because of the
seasonal nature of the rainfall. Also losses from the system are high: of the 60
inches of annual rainfall, an average of <2 inches is lost by evapotranspiration,
and during 1963-6B, 1300 cfs (cubic feet per second), about 840 mgd (million
gallons per day), was lost by seaward flow from the eight primary canals.
However, since the late 1950's, water management has greatly reduced the
seaward flow. The avenge annual flow from the HiHsboro and North New River
Canals reduced by approximately 260 cfs and 375 cfs. respectively.

The unconfatd 'Btscayne aquifer is the source of all fresh ground water in
Broward County. The aquifer is composed chiefly of limestone, sandstone, and
sand which range in age from late Miocene through the Pleistocene. The aquifer
extends front the surface to a depth of about 200 feet along the coast, thins
westward to t depth of about 70 feet in central Broward County and pinches
out near the west county line. Wells that tap the thick limestone in the deep part
(100 or more feet) of the aquifer near the coast yield more than 1.000 gpm
(gallons per minute). The transmissiviry of the aquifer ranges from 0.4 mgd per
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foot in the northern part of the county to 2.5 mgd per foot near the southern
pan. The quality of the ground water is generally within the standards (or
potable water. It is a hard, calcium bicarbonate type, and in the southeastern
pan of the county it contains iron in objectionable concentrations.

. Aquifer replenishment is by local rainfall and seepage from controlled
canals and from the water conservation areas. Losses are by evapotranspiration,
by ground-water ftow to canals and the sea and by pumping from wells. Of the
60 inches of annual rainfall approximately P inches enters the aquifer, of which
less than 2.5 inches is withdrawn by water users, and about 14.5 inches is
discharged to the sea- 13.5 inches through the canals and about 1 inch by
ground-water outflow along the coast. During extended dry periods when
withdrawals are greatest recharge is only available from the canals.

The confined Floridan aquifer extends from a depth of about 900 feet to
more than 3,000 feet and is overlain by a 500-to 600-foot section of clay, sill
and marl of low permeability. Although water in wells tapping the Floridan
aquifer will rise almost 40 feet above ms! (mean sea level) and flow as much as
2.000 gpm, the water is not potable. Nevertheless, the water quality is adequate
for such purposes as cooling or desalination and the aquifer has potential for
storing fresh water or for effluent disposal.

The greatest inland penetration of sea water into the Biscayne aquifer is in
the vicinity of the greatest concentration of tidal canals. This intrusion can be
effectively controlled by the construction of salinity control structures in the
canals and maintaining adequate fresh-water levels upstream.

Man-made contamination has occurred in both ground and surface waters.
Surface-water contamination appears more serious because of the introduction
of large quantities of effluent waste into the waterways. Although evidence of
man-made contaminants was detected in all canals, levels of nutrients, BOD
(biochemical oxygen demand), and pesticides were highest and levels of
dissolved oxygen were lowest in the North Fork New River-Plantation Canal
(C-12) system which receives large quantities of treated sewage effluent and has
a relatively low flow. Coliform bacteria in most canals sampled during June 196S
were above the criterion of the Florida Pollution Control Department for
recreational waters (2.400 coliforro colonies per 100 rnflliliters). The dissolved
oxygen content ranged from 0.2 to £.2 mgA. Generally, relatively low levels of
dissolved oxygen are common throughout the Broward canal system. More than
half the 45 area-wide samples contained less than 4 mg/L and nine samples less
than 2 mg/1. Levels of pesticides detected in water in the canal network are
extremely low, however, pesticides are concentrated manyfold in the bottom
sediments.

VVater use in browird C
and complete urbanization
maximum possible water sup;
water utilities furnish about I
average) for a permanent
population of 890.000, and
utility, Ft. Lauderdale*s, fui
maximum population of 160
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Irrigation use is little noted t
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drought are caused by exm
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Water use in Broward County is increasing at a faster rate than population,
and complete urbanization will ultimately require the development of the
maximum possible water supplies. More than 32 municipal and privately owned
water utilities furnish about 32 billion gallons of water per year (88 mgd on the
average) for a permanent population of 500.000, a peak tourist season
population of 890.000, and most commercial use in the county. The largest
utility, Ft. Lauderdake's, furnishes a peak supply of more than 60 mgd to a
maximum population of 160,000. Urban water use is greatest, about 150 mgd,
during the winter tourist season which coincides with the dry season when
domestic and recreational use is maximum and lawn irrigation is heavy.
Irrigation use is little noted because of the booming urban activity. However the
total irrigation use is high, almost equal to the 32 billion gallons per year urban
use. Most of the industrial water used, more than 1.5 bgd (billion gallons per
day) is salty water for cooling at the two power plants: fresh-water industrial use
is estimated to be 35 mgd. Public water needs by 1985 may be as much as 80
billion gallons per year, an average of about 220 mgd. Current data (1971)
indicate that peak day needs are commonly as much as twice the average daily
demand. If use by agriculture and industry increases in proportion to public use
it would amount to 330 mgd in 1985 and total water use would average about
550 mgd.

INTRODUCTION

The explosive urbanization of Broward County has been accompanied by
numerous natural and man-made water problems. Natural problems of flood and
drought are caused by extreme variations in rainfall that may range from as
much as 20 inches per day during hurricanes in the rainy season, to little or none
during many months in the dry season. Man-made water problems include:
sea-water intrusion that resulted from overdrainage of the area; obtaining
adequate water supplies for the mushrooming population; and pollution caused
by the disposal of increasing quantities of wastes.

The threat of sea-water intrusion into municipal well fields is a historic
problem. As large amounts of fresh water were removed by drainage for
ubanization, regional fresh-water levels declined and sea water advanced up the
canals and moved inland through the aquifer during dry periods. This insidious
invasion of salt water is an ever-present danger to the fresh-water supply of well
fields near the coast.

The demand for water in Broward County is constantly increasing, owing
to the rapid growth in population. State and County planners indicate this
growth is destined to continue, and if projections are reasonably accurate, the
demand for fresh water will more than double within the next 15 vears.
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HYDROLOGIC SETTING

CLIMATE

• The climate of Broward County is semi-tropical marine, characterized by
warm humid summers and mild dry winters. Mean annual temperature is 73* F,
with infrequent extremes of temperature ranging from 29* F 10 96* F (U. S.
Department of Commerce, 1968). The climate is tempered by prevailing
southeast winds, which bring warm moist air from the ocean, and by the Gulf
Stream which passes within a few miles of the shoreline. January is usually the
coldest month, averaging about 6R* F and August is usually the honest,
averaging S3* F.

The average annual rainfall in the county ranges from about 52 inches in the
western sector to as much as 60 inches along the coast. Wide differences in
yearly totals have been recorded; in some years the rainfall is only 30 inches, in
others, more than 100.

Rainfall is unevenly distributed throughout the year; about 75 percent of
the rain falls in June-October. January is usually the driest month with an
average rainfall of about 2 inches; September is usually the wettest month with
an average rainfall of about B.5 inches. For example, the average monthly
rainfall at Fort Lauderdale and Boca Raton in January is 2.20 and 2.62 inches;
in September, B.9B and E.I 6 inches (table 1), Rainfall is often unevenly
distributed geographically. For example, on October 14-15, 1965, 25 inches of
rain fell at a coastal yacht basin in Fon Lauderdale and less than 5 inches fell at
an agriculture station B miles inland.

Annual rainfall at North New River Canal at Palm Beach - Broward County
line (pumping station S-7) during a 26-year period averaged 52.10 inches; was
76.47 inches in 1947 and 30.40 inches in 1949 (fig. 3). Rainfall during that time
was above average 57 percent of the time, and exceeded 70 inches 10 percent of
the time (fig. 4).

TOPOGRAPHY AND DRAINAGE

The fend surface slopes almost imperceptibly to the southeast. Land
surface ranges from sbottt 13 feet above mil (mean sea level) in the northwestern
pan of the county 10 less than 5 feet in the southern part. Most of the land is 5
to 10 fact high; some is higher along the coastal ridge which parallels the
seacoast 2 to 3 miles inland. Tne coastal ridge is about 22 feet above rosl in the
Pompano Beach • Deerfield Beach area.. West of the coastal ridge, the Everglades
extends some 40 miles inland and coven the western two-thirds of the county.
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The present day drainage is largely controlled by the system of canals of
the PCD (fig. 5), the Broward Water Resources Department, and the various
local drainage distncu. in 1953. with the completion of the FCD levee barrier
along the east border of the Everglades, the county was divided into iwo
distinctly, different land use areas; a 410-square-mile area east of the levee,
suitable for urban use and agriculture, and an area of 810 square miles west of
the levee, suitable only for water conservation, recreation, and as a wildlife
refuge.

The primary canals of the FCD are, generally, controlled improvements to
natural drainageways that have been extended to Lake Okeechobee. Secondary
canals affect smaller areas between primary canals and the direction of drainage
in these areas is dependent on local topography and water control.

GEOLOGY

The mm common materials in Broward County to a depth of
approximately 300400 feet are sand and limestone, which range in age from
Pleistocene to late Miocene. This 300-to 400-foot section is called the Biscayne
aquifer and it contains all the fresh-water-bearing, materials in Broward County.
Tne Biscayne aquifer is discussed in detail in the section on ground water (p.
85). Underlying the Biscayne aquifer is a 500-600 foot section of mar) and clay
of Miocene age. Below this bed is the Floridan aquifer. This aquifei, composed
chiefly of limestones, dolomites, and evaporhes which range in age from early
Miocene to early Eocene, extends to depths of more than 3400 feel, and
contains highly mineralized water. Similar materials which are not generally
considered part of the Fioridan aquifer extend to depths of more than IS,000
feeu

SURFACE-FLOW SYSTEM

In Broward County large quantities of surface water flow seaward in a
system of controlled canals or are stored in the PCD conservation areas. Flow to
the ocean from eight primary canals (ftg.l), for 1963-1968, averaged more than
1300 cfs (cubic feet per second), or more than 306 billion gallons per yea:.

Tne supply is variable because of the seasonal nature and annual variability
of rainfall (fig. 3). In addition, losses from the system are very high.
Evapotranspiration losses account for as much as two-thirds of the annual
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rainfall. Although little surface water is used directly, except for irrigation, large
quantities replenish the aquifer in coastal areas during the long dry periods.

WATER MANAGEMENT

HISTORY

Maps of the 1850's show the Broward County area as a vast swampy
wilderness, virtually uninhabited except for a narrow strip along the coast. This
coastal ridge acted as a natural barrier to the seaward flow of water from the
Everglades. Drainage of the eastern part of the Everglades was started as early as
the 1850's. However, drainage was not effective until 1906, when the EDD
(Everglades Drainage District) began a dredging program. Between 1906 and
1927, under the direction of EDD,440 miles of canals were dug, 47 miles of
levees were constructed, and 16 dams and locks were installed.

When the EDD project was completed in 1928. four of the major drainage
canals connecting Lake Okeechobee to the ocean and numerous secondary
canals formed the framework of the present drainage system for Broward
County. The four major canals included the Hillsboro, Miami, and the North and
South New River Canals, and the secondary canals included Pompano, Middle
River, Plantation, and Snake Creek Canals. This network of canals did much to
open up new land in the eastern part of the county, but it was apparent that
natural flow was inadequate to prevent flooding from rainstorms of high
intensity.

Because of this inadequacy and more directly because of the public
reaction to the flood of 1947, the Rorida Legislature created the FCDin 1948
as a public corporation with jurisdictional control over the surface-water
resources of the 17 counties comprising the district. In addition to the primary
objectives of flood control and water conservation, the project was designed to
prevent overdrainage, permit additional urban and agricultural development,
prevent salt-water intrusion, provide ground-water recharge, and improve fish
and wildlife conservation. The FCD has been in the process of attaining these
objectives since it was formed and although still incomplete, their effects have
been noted in all of the 17 counties.

A major project was the construction of a levee from Lake Okeechobee to
South Dade County to divert interior flood waters away from the coastal areas
and prevent a recurrence of conditions which existed during the 1947 flood.
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The next major project was the creation of the Water Conservation Areas
to store the diverted water and provide a reserve supply for the dry months
because southeastern Florida was lacking in natural water-storage basins.

WATER-CONSERVATION AREAS AND PUMP STATIONS

Water-conservation areas cover parts of Palm Beach, Broward, and Dade
Counties, and have a total area of 1,340 square miles, 787 square miles of which
are in Broward County (fig. 5). To provide better water control, the areas are
divided into five interconnected pools, each enclosed by levees 10 to 15 feet
high. The pools are designated by number from north to south as
Water-Conservation Areas 1, 2A, 2B, 3A, and 3B (fig. 5). All except area 1 lie
wholly or partly within Broward County. Under FCD staging, flow will gravitate
from Water-Conservation Area 1 to 2A, from 2A to 2B and 3A, and from 3A to
3B. Flow interchange between all areas is regulated by gated controls or stoplog
spillways. The regulation schedules in the conservation areas vary during the year
as levels are lowered before the hurricane season. Levels scheduled for
conservation areas 1,2 and 3 are 15-17 feel, 13-14.5 and 9.5-10.5 feet above msl
respectively, and corresponding storage capacities are 59,500-293,000 acre-feel,
201,000-366,000 acre-feet, and 560,000-1,015,000 acre-feet, respectively.

Major components of the FCD system are 17 pump stations planned or
completed in the system. Four of these, S-7, S-8, S-9, and S-13 (fig. 5) are now
operating in Broward County.

S-7 is on the North New River Canal at the Palm Beach • Broward County
line, in the westernmost corner of Water-Conservation Area 2A. U is equipped
with an electrically operated sluice gate and three 895 hp dicsel powered pumps
capable of pumping 2,490 cfs or 1,609 mgd (see photograph, fig. 6). S-7 is
designed to remove three-fourths of an inch of runnoff per day from a
125-square-mile area north of the county line and discharge il into
Water-Conservation Area 2A.

S-8 is on the Miami Canal, also at the Palm Beach - Broward County line,
and in the northwest corner of Water-Conservation Area 3A. S-8, like S-7, has a
sluice gate for water-level control, but it is equipped with four 895 hp diesel
powered pumps. Their combined capacity is 4,160 cfs or 2,689 mgd. S-8 is
designed to remove three-fourths inch of runoff per day from a
208-square-mile-area north of the county line and discharge it into
Water-Conservation Area 3A.

S-9 is on the South New River Canal at its junction with Levee 33 and 37,
half a mile west of U. S. Highway 27. S-9 has three 1,655 hp diesel powered

REPORT OF 1N\
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Broward County 10 miles west of Deerfield Beach (fig. 8) and travels east to the
lock and dam near Deerfield Beach where it is again regulated.

Bow in the canal is affected by several lateral canals and unnumbered
pumping stations in the urban and agricultural areas between S-39 and the coast
(fig. 8) Canal E-l of the Lake Worth Drainage District enters Hillsboro Canal
from the north at U. S. Highway 441. Drainage into Hillsboro Canal is regulated
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by a control structure and irrigation water is pumped into Canal E-l. A similar
canal extending southward along U. S. Highway 441 also is equipped with a
control structure and irrigation pumps. Canal E-2 of the drainage district has
been integrated with the Florida Turnpike ditches. Gravity How into Hillsboro
Canal from these ditches is regulated by small control structures. A small
controlled canal. 1A miles west of the Deer field lock and dam. drains the urban
area south of the canal and another controlled canal. 0.1 mile upstream from the
lock and dam, regulates flow between the Hillsboro Canal and Canal E-3. Flow
beyond the dam is unobstructed to the ocean.

Average 30-year discharge at the Deerfield lock and dam is 365 cfs or
264200 acre-feet per yeat. Daily discharge was maximum, 3,490 cfi, on October
12, 1947 and water level above the dam was highest., 12.58 feet above msl. on
December 24,195*7. Land along the canal in Broward County is about 13.5 feet
above msl and there has been no evidence of overbank flow above the dam.

Row to the sea through the Deerfieid lock and dam varies generally with
rainfall and the resultant opening of the control, except that after wet periods
excessive runoff lasts several months into the next year (fig. 9). Discharge in
relation to rainfall decreased duhng the late 1950's after the effective closing of
Conservation-Areas 1 and 2A by levees 40 and 36 and structure S-39. After 1961,
most of the flow through the lower reach of the canal during rainy periods
consisted of runoff from the coastal area, ground-water inflow, and levee
seepage. When rainfall is heavy the opening of controls on the lateral canals east
of U. S. Highway 441 can impose large sudden runoff loads on Hillsboro Canal.

POMPANO CANAL (C-14) AND CYPRESS CREEK CANAL

The Pompano Canal (fig. 8) was constructed by the EDD during 1906-2*7.
From its mouth at the Intracoasul Waterway it extends 2 miies northwest to
Pompano Beach, and then 11 miks west to S-38 at Levee 3 5A. There, the flow is
normally eastward, but frequently reverses. Flow moving eastward is augmented
by inflow from several laterals to the north and the canal is joined 3 mites west
of Pompano Beach by the Cypress Creek Canal. At this point, depending on
regulation, flow either continues eastward in the Pompano Canal or is diverted
southeastward in the Cypress Creek Canal. Flow continuing in the Pompano
Canal is subject to further regulation at controls 1 mile and 3 miles downstream;
east of the latter control, flow is unobstructed and generally subject to tidal
fluctuations. Before September 1967, flow in the canal was measured daily 150
feet east of S-38. Maximum daily positive seaward fiow at S-3$ (1962-67) was
707 cfs on August E, 1966 and maximum daily reverse flow was 220 cfs
November 4, 1966. Maximum dairy flow recorded at Pompano Beach was 470
cfs on November 1. 1965, 1 day after a maximum stage of 5.91 feet above msl.
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Levee 35A Canal and Canal C-42 (fig. 8), 5 miles to the east, drain a
recently established residential area on the north side of North New River Canal.
Row into North New River Canal from the Levee 35A Canal is regulated. The .
northern extension of Snake Creek Canal (Ramingo Road Canal) is connected to
North New River Canal by a gated culvert under State Road 84,8 miles east of
S-34. Water control for two separate urban areas is provided by canals and pump
stations north of the lower reach of North New River Canal. Water levels in the
west urban area, 3 miles west of Sewell Lock, are controlled by a 245-mgd pump
station established in 1969 by the developer. The east development is part of the
Old Plantation Water Control District which includes the city of Plantation and
was probably the earliest community in Broward County dependent on
controlled water levels. Water in the district is controlled chiefly by the
Holloway Canal and a 260-mgd pump station and control structure which is
designed to pump or drain into North New River Canal downstream of Sewell
Lock. At the Sewell Lock flow in the North New River Canal is subject to
further regulation as it passes through the eight spillways controlled by stoplogs.
The lock chamber is permanently closed by an earthen dam. Row beyond
of South New River Canal and acts as a divide between the drainage areas of
S-9 and S-13.

Hydrographs for North New River Canal (fig. 12) indicate that flow during
1940-60 was related almost entirely to rainfall and the resultant runoff. During
the 1960's a reduction of seaward flow resulted from the use of S-34 to hold
water in storage in the conservation areas. During this period the flow through
Sewell Lock was derived chiefly from runoff east of the levees, ground-water
inflow and seepage along L-35 and L-35A.

The North Fork New River extends, as an improved natural waterway,
about 3 miles northwest from the junction with New River, then joins the
Plantation Canal (C-12) which extends westward to Holloway Canal. Row in
Plantation Canal is regulated by S-33, 0.5 mile east of U. S. Highway 441.
Seaward flow in Plantation Canal at S-33 (fig. 13) is generally low because the
area drained by the canal is small. During low flow effluent wastes concentrate
in upstream reaches of the canal and stagnant conditions prevail. Construction is
underway to connect the upstream reach of Plantation Canal with Middle River
to provide adequate flow from the management system.

SOUTH NEW RIVER CANAL (C-ll)

The South New River Canal begins at the Miami Canal in Conservation
Area 3A in western Broward County (fig. 5) and flows due east for 23 miles to
the junction with the Dania Cut-off Canal and the South Fork New River (fig.
8). The South Fork New River flows northeastward and joins the New River
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system; the Dania Cut-off Canal continues eastward to the Intracoastal
Waterway. Numerous drainage and irrigation canals and ditches enter the South
New River Canal from both the south and north sides along the reach between
the Florida Turnpike and Levee 33 (fig. 8). East of the Turnpike, along the
Dania Cut-Off Canal, numerous navigable canuls have been connected to develop
waterfront property. The Hollywood Canal (C-10) flows northward about 3.5
miles and enters the Dania Cut-Off Canal less than a mile west of U. S. Highway
1.
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The direction and amount of flow of South New River Canal are regulated
by three control structures. S-9, about O.S mile west of U. S. Highway 27, is the
only back-pumping station on the southeast boundary of the conservation areas.
The pumping station is designed to remove flood waters from 71 square miles
along the canal and discharge it into Conservation Area 3 A for use during dry
periods. Pumping station S-13, west of U. S. Highway 441, is designed to assist
gravity flow by pumping seaward during flood periods and to regulate discharge
during dry periods. Control structure S-13 A regulates flow in the central reach
of South New River Canal and acts as a divide between the drainage areas of S-9
and S-13.

A fourth control is located 0.25 mile east of U. S. Highway 441 at the
Florida Power and Light Company's power plant. The power plant withdraws
water from the Dania Cut-Off Canal for cooling condensers. The control retards
salty tidal water from entering the intake area.

The dissimilarity between the hydrographs at S-9 and S-13 (fig. 14) is the
result of the operations of the two pumping stations and the regulation at
S-13 A. When rainfall is excessive S-13 A is closed and S-9 diverts water westward
to Conservation Area 3A; at the same time pumping at S-13 assists gravity flow
eastward to the ocean. During the growing season when irrigation water enters
the western reach of the canal, S-13 A is closed, S-9 diverts water westward to
Conservation Area 3A and flow to the ocean east of S-13A is by gravity flow.
When S-9 is not pumping and S-13A and S-13 are partly or completely open,
flow is seaward throughout the entire reach.

SNAKE CREEK CANAL (C-9)

Snake Creek Canal, the primary drainage channel for the coastal area along
the Dade - Broward County boundary (fig. 8), forms the south hydraulic
boundary for Broward County. Flow in the canal is maintained chiefly by
ground-water inflow, however, considerable surface runoff is introduced during
rainy periods and water can be introduced from the conservation areas by
manipulating S-30, 0.75 mile east of Levee 33. Submerged sluice gates at S-29
are manipulated to provide maximum discharge for flood protection during
heavy rainfall and to prevent sea-water intrusion into the aquifer and into the
upper reaches of the canal during dry periods. The hydrographs in figure 15
indicate that as much-as half the flow at S-29 is derived from ground-water
inflow or from lateral canals from Broward County upstream from the gaging
station at 67th Avenue. Little water enters the canal from Conservation Area 3
except by levee seepage.
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INTRACOASTAL WATERWAY
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The Intracoastal Waterway (Pig. 21) borders the coast in Broward County
and is separated from the ocean by a narrow offshore bar locally known as the
beach. Tidal interchange between the waterway and the ocean is through the
relatively narrow Port Everglades and Hillsboro Inlets in Broward County, Boca
Raton Inlet in southern Palm Beach County and Bakers Haulover Cut in
northern Dade County.

Tidal interchange between the ocean and the waterway through the Port
Everglades Inlet and then northward along the waterway is good. Seaward flow
from all the primary canals discharges into the waterway. Fresh water entering
the waterway from the mainland canals affects the water levels and salinity in
the waterway during high fresh-water discharge.

The Intracoastal Waterway is used extensively for boating and water sports
and shipping in Port -Everglades. In addition, some of the most intensely
developed urban and tourist areas in the nation border its 30 miles of low lying
shoreline.

Tidal data are available from four stations in Broward County and from
the U. S. Coast and Geodetic Survey Primary Tide Gage at Miami Beach (fig.
21). Tidal data are also available from stations maintained by the U. S.
Geological Survey or the Flood Control District at the salinity control structures
on the primary canals (fig. 8).

The tidal ranges at Port Everglades and Lauderdale by-the-Sea are
comparable with the range at Miami Beach (table 2). The range at Deerfield
Beach is less because of the distance from the nearest inlets and the small size of
the inlets. The range at Hollywood is less because of channel constrictions and
the distance from an inlet. Typical tidal fluctuations at Port Everglades,
Deerfield Beach and Hollywood are shown in figure 22. • .

The seasonal variation of monthly mean high water was less than 0.1 foot
along the waterway (fig. 23). The tides were highest in September and October,
the prime hurricane season. The elevation of mean half tide was higher along the
waterway tlian at Port Everglades Inlet due primarily to an increase in the height
of mean low water. The maximum difference between mean half tide (the
average of mean high and mean low waters) and mean water level at the five
stations was found to be 0.03 foot during the investigation.
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BISCAYNE AQUIFER

The Biscayne aquifer is the source of all fresh pound water in broward
County and is composed chiefly of limestone, sandstone and sand (figs. 26-28)
of marine origin which range in age from (oldest to youngest) late Miocene
through Pleistocene. The aquifer is generally more than 200 feet thick along the
coast irr Broward County, and 350 feet at one point in Pompano beach. The
thickness of the consolidated limestone sections and the permeability of the
aquifer as a unit generally decrease to the north. The aquifer also thins westward
to about 70 feet at U. S. 27 in central Broward County and wedges out at the
surface near the Collier • broward County line.
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Most of the limestone beds in the Btscayne aquifer are capable of yielding
large amounts of water to well*. Wells that tap the thick limestone in the deeper
pan (100-foot depths or more) near the coast, commonly yield more than 1.000
gpm (gallons per minute). "Most of the municipalities obtain water from the
deeper pan of the aquifer.
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RECHARGE AND DISCHARGE

Infiltration of rainfall through surface materials and seepage from
controlled canals and the conservation areas are the principal means of
recharging the Btscayne Aquifer. Recharge by rainfall is greatest during the rainy
season from June to November. Recharge from canals is greatest dunng the dry
season, December to May, when canal levels are higher than adjacent water levels
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in the aquifer. Discharge from the aquifer is by evapomnspiralion, by
ground-water flow to canals and to the sea, and by pumping from wells. Discharge
by ground-water How and by evapotranspiration are greatest after periods of
rainfall when water levels art high: discharge by pumping from wells is greatest
during the dry season as a result of tht influx of tourists and heavy irrigation use
when water levels are low. well yield is only a small pan of the total discharge
from the aquifer, but during the dry season its importance is amplified because it
occurs when total recharge and aquifer storage are smallest.

The average annual rainfall of about 60 inches if distributed evenly over
the county would be equivalent to about 3.400 mgd. Evapouanspiration from
surface waters would return about 22 inches (1.250 mgd) to the atmosphere.
Evapotranspiration from the water table would return an additional 20 inches
(1,130 mgd) to the atmosphere (fig. 30). A very small pan, probably little more
than ] inch (60 mgd), would run off directly to the canals. Of the remaining 17
inches of water that enters the aquifer less than 2.S inches is withdrawn for use
and about 14.5 inches is discharged to the sea by coastal canals (13.5 inches) or
ground-water outflow (1 inch). These figures are highly generaliied and do not
take into account variations in rainfall due to both location and time and minor
changes in aquifer storage. Also, although not shown in the diagram, water
imported into the county by canals of the FCD system and introduced to the
aquifer plays an increasingly imponant pan in the total flow system.

The foregoing summary indicates that much more water flows through the
aquifer than is withdrawn for all types of use. However, it should be noted that
water use is concentrated near the coast where supplies are most limited and that
conditions depicted in the diagram do no persist throughout the year; during
extended dry periods, when withdrawals are greatest, the only recharge available
is from canals of the water-management system.

WATER-LEVEL FLUCTUATIONS

Water levels in the Biscayne aquifer fluctuate over a wide range in response
to recharge or discharge and to a lesser extent to other factors such as tides,
earthquakes, and changes in atmospheric pressure. The greatest fluctuations, as
much as 5 to 10 feet per day. are caused by recharge from rainfall and by
pumpinf. but gradual changes in water levels caused by evapotranspiration and
normal ground-water outflow have an imponant effect on the amount of water
in storage in the aquifer.

Ground water is continually moving tt rates dependent on the hydraulic
gradient and the permeability of materials through which it moves. Ground
water flows by gravity from areas of high water levels to areas of low water
levels.'ln a restricted sense, low water levels are associated with discharge areas.
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flooding or a significant rise in water levels that normally would have resulted
from the heavy rainfall. Minor flooding occurred in the Pompano
beach • Deerfield Beach area where the rainfall wts most intense. The canal
network in existence at that time prevented a flood of major proportions.
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Fipire 36. Vr'ner-ievcl contour map of eastern Broward County under
record hifh condinoiu, Nov. 1,1965.
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The configuration of'the water table during a period of near-average water
levels (fig. 3?) » similar both to that when levels are low and when they are high.
The water-table gradient is generally to the south, except near the coast, and
near the conservation areas, in the intercanal areas surface runoff and ground
water generally flow south or southeast into the canals and then seaward as canal
discharge. The sandy surficial materials of low permeability along the coastal
ridge north of Pompano Beach retard rapid movement of ground-water discharge
thereby maintaining high water levels.
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On May 5, 1971 (fig. 39), the larpe discharge from the Pompano beach
well field had lowered the water level to 3 feet below mean sea level. Recharpe
to the well field was from the area of higher water levels to the west and from
the Pompano Canal to the south. Water levels between the well field and the
Inuacoastal Waterway were near sea level.

In the Prospect well Held, pumping during the dry season had lowered the
water table by May 5, 1971 to more than 5 feet below mean sea level near the
center of pumping and to mean sea level between the well field and the salty
reach of Middle River Canal (fig. 40). Most of the recharge to the well field came
from the controlled reach of the Cypress Creek Canal upstream of S-37 A control
and from areas of higher water levels to the west and northwest. During the
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An early aquifer test using supply wells in the Fort Lauderdale Dixie well
field indicated a transmmivny of 1.2 mgd per foot. In the Prospect well field
test, selected municipal supply wells were pumped and other supply wells were
used for observation of the water level responses; transmits)vity ranged from 2
to 3 mgd per foot. The apparent storage coefficient was approximately 0.015,
and the leakage coefficient was about 1 gpd per square foot per foot of head
differential.

Muncipal supply wells were also used for tests in the Pompano Beach and
Deerfield Beach aquifer tests. In the Pompano Beach test, transmissivity and
storage coefficients were 1.4 mgd per foot and 034, respectively. The leakage
coefficient was not computed. At the Deerfield Beach test, transmissivity and
storage coefficients were 0.4 mgd per foot and 0.0004, respectively. Geologic
data indicates that the low values for the hydraulic characteristics in the
Deerfield Beach test were due to the development of the supply wells in a
relatively thin limestone bed in the upper pan (80 feet) of the aquifer which is
overlain by calcareous sands of low permeability. Additional wells, nearby,
bottomed in a deeper (110 feet) and thicker limestone yield greater quantities of
water with considerably less drawdown indicating higher values for the hydraulic
characteristics. Thus it appears thai the Deerfield Beach test is only
representative of a small area, where the upper limestone aquifer is confined,
while the aquifer in genera) is unconfmed.

The differences in tranmissivity for the four tests indicates that the
potential for development of the Biscayne aquifer generally decreases in a
northerly direction in Broward County. This is due primarily to a decrease in the
permeability of the consolidated section of the aquifer as both the porosity and
interconnection of the pores spaces decrease with increased sand content in the
limestone beds. The aquifer is thickest in the northeastern pan of the county,
but conversely, the transmissiviry is the smallest.

Water-level and aquifer-test data indicate that the Biscayne aquifer exhibits
different characteristics under static conditions (nonpumping) than under
pumping conditions. Under static conditions, the water level in 2 shallow well
will be at the same elevation as the water level in an adjacent deep well,
suggesting that the entire aquifer is under unconfmed conditions. Howeve:,
when the deep (100-150 feet), highly permeable zones of the aquifer art
pumped, water levels in deep wells as much as 1,000 feet away show an
immediate rapid decline and the levels in shallow wells much closer to the
pumping wells show no immediate effect. Levels in these shallow wefts do show
a long-term drawdown of several feet. Thus, in aquifer tests of shon duration
(less than 24 hours) the zone hi which the supply wells are developed reacts as a
confined aquifer overlain and panly confined by a leaky roof of iess permeable
beds.
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The high leakage and storage coefficients in the test at Snake Creek Canal
indicates that the overlying semiconfining beds are more permeable than are
similar beds in central and north broward County and that the aquifer in south
Broward responds to pumping much more as nonartesian aquifer than it does in
other pans of the county.

FLORIDAN AQUIFER

The Floridan aquifer is a thick section of carbonate and evaporite rocks
underlying all of Florida and parts of Georgia and Alabama.. In southeastern
Florida the aquifer underlies a thick section of impermeable marl and clay at
depths below 900 feet and extends to depths of more than 3000 feet. It is
composed primarily of a system of limestones of varying permeability which dip
eastward and southward and are thought to intersect the ocean bottom several
miles offshore along the Continental Slope.

The aquifer is confined except in the recharge area where the overlying
confining materials are very thin or absent.

In Broward County, water in wells that tap the Floridan aquifer will rise
almost 40 feet above msl. Flows range from 75 gpm to over 2.000 gpm and
average about 750 gpm (Parker, 1955, p. 191). Tne water is highly mineralized,
containing more than 1,500 mg/1 (milligrams per liter) of chloride, 3400 mg/1
dissolved solids, and is sulfurous, hard, and corrosive. Tnese characteristics
greatly limit the use of the water from this aquifer for most purposes.
Nevertheless, study is being directed toward determining the feasibility of using
the aquifer for fresh-water storage and as a source of water for desalination in
the upper less mineralized zones. One well near Lake Okeechobee is currently
disposing of industrial wastes in the highly permeable -boulder zone*1 of the
Floridan aquifer with apparent success.. A similar well in Miami is used as a
disposal well for treated sewage effluent. Current studies are designed to more
accurately define the zonation and hydraulic characteristics of the Floridan
aquifer in the hydrologic system of southeastern Florida.

WATER QUALITY

Tne chemical or physical quality of water generally is as important for
most uses as its availability. Rainfall, the original source of water supplies,
contains fewer impurities than water in most other pans of the hydrologic cycle,
h contains only minute quantities of dust, dissolved gases, and wind-blown salt
from the atmosphere. When ram strikes the ground, it comes into contact with
many soluble materials and, aided by carbon dioxide absorbed from the air and
soQ, it begins to dissolve and pick up a wide variety of chemical and organic
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constituenu. The type and amount of dissolved matter in natural waters,
depends on the materials contacted and the length of time involved in the
movement of water through the rocks and soil and down the streams. Domestic
ant) industrial wastes as well as sea water are also sources of mineral or biological
contamination of streams and ground water.

NATURAL CONSTITUENTS

The chemical quality of the water in the interrelated surface and
ground-water flow system in Broward County is generally good. Tne source of
the water in the system is local rainfall or rainwater conveyed into the area by
the regional canal network. The water often shows a mixture of ground-and
surface-water characteristics because of the free interchange of water beiween
the canals and the permeable limestone of the Biscay ne aquifer.

GROUND WATER

The chemical characteristics of ground water in the county are influenced
chiefly by soluble limestones and calcareous sand in the Biscayne aquifei. Tne
water is generally hard, calcium bicarbonate in type with varying quantities of
iron in most areas. Mineralization generally increases inland and with depth in
the aquifer. Water of the best quality occurs in coastal areas where the aquifer
has been flushed by the infiltration of rainfall. This is especially true along a low
coastal ridge in the Pompano area where a thick section of permeable sand
occurs in the upper pan of the aquifer.

The chemical characteristics of water at different depths throughout the
county were determined by the analysis of water samples from existing wells at
known depths and from samples collected at different depths during the drilling
of test wells. Table 3, adapted from Crantham and Sherwood (1968),
summarizes the results of analyses of samples from the wells shown on figure 43.

Dissolved solids, hardness, and iron in ground water vary with depth in
eastern Broward County as shown on the maps in figure 44 (adapted from
Grantham and Sherwood, 1968). Tne relatively low dissolved solids and hardness
in water in the Ft. Lauderdale area indicates the effects of flushing by the
circulation of ground water caused by drainage to the canals and recharge by
rainfall. Tne consistently high concentrations of dissolved solids at depths below
200 feet indicates that there is much less circulation at those depths and thus
more time for the -water to dissolve minerals from the aquifer materials. Tne
similarity between dissolved solids and hardness illustrates that calcium and
bicarbonate dissolved from the limestone are the maior constituenu of natural
waters in the count}'. Tne ground water of Broward County ranges from hard to
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Water in the Floridan aquifer b highly mineralized, has hydrogen sulftde
gas in solution, and thus of slight value for normal use; however, the large
quantities of water available and the excellent storage capacity of the aquifer
seem to warrant much further investigation of potential uses. The aquifer yields
artesian water whose chloride content ranges from about 1.500 mg/1 in the
upper producing zones to 18.000 mg/1 sea-water concentrations. near the
bottom. The water is corrosive to metal. However, because wells in the Roridan
aquifer flow freely and the water temperature is constant, the salty water has
been used for industrial cooling and air-conditioning as well as for swimming
pools, flushing wastes, and for irrigation of golf courses. Although ii may not be
feasible at present to use this water for more purposes than those just stated it
has an excellent potential for use in future years when maximum growth is
attained and all fresh-water resources are fully managed in the county.

in the Pompano Beach area a utility company uses two 18-inch wells more
than 1,000 feet deep for effluent disposal. About 500.000 gallons of treated
sewage are pumped into these wells each day against a head of about 30 feet.
This same technique is being used or planned for use in other sections of the
State to dispose of municipal and industrial wastes to prevent pollution of the
streams and shallow ground water.

Because of the excellent storage capacity of the .aquifer, especially the
cavernous zones (boulder zone) below the 2,500 foot depth, the Floridan
aquifer may have excellent potential for storing fresh water for retrieval.
Depending upon the confining characteristics of intervening beds in the aquifer
it is conceivable that fresh water could be safely stored in the upper low chloride
zones and waste effluent iniected into the lower cavernous zones. Safe use of the
aquifer for this purpose would depend on detailed knowledge of its hydraulic
properties.

SURFACE WATER

The chemical quality of the water in the canal system varies widely with
extremes in discharge caused by rainfall and operation of water-control
structures. During high discharge most of the water is surface runoff from inland
areas and is highly colored but only slightly mineralized. During low discharge
much of the water is derived from the more mineralized ground-water inflow
and the amount of dissolved solids increases. Upstream from the salinity
controls, the water in the canals is fresh and is therefore a major source of water;
downstream, the water is generally salty except during periods of high discharge.

Water in the controlled canals is not used directly for municipal or
domestic supplies, but infiltration from the canals supplies replenishment to
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/ WATER USE
Facts on the rapidly expanding use of water are especially important in

Broward County where complete urbanization wiD ultimately require the
maximum development of water supplies. Although the count}' has large
fresh-water resources - ample with careful management to meet the needs of the
foreseeable future - these resources are seriously threatened by problems
associated with rapid urbanization such as overdrainage, sez-wiier intrusion, and
especially contamination caused by poor waste disposal practices.
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Not all water use is consumptive. Much of the water used for public or
industrial supplies is returned to the aquifer through septic tanks or to
fresh-water streams from sewage treatment plants or industrial outfalls. The
disposal of urban wane water or sewage has become a ma.ior hydrolopc factor
that affects both the quantity and quality of water available in Broward County.
Depending on proper treatment of the sewage and location of disposal points,
waste water may act as a source of replenishment to fresh water resources or be
safely introduced into salt-water streams, the ocean, or highly mineralized
isolated aquifers; with inadequate treatment it creates serious contamination
problems in almost any receiving water body or land area. Thus, the manner of
treatment and disposal of waste are major factors in determining whether public
or industrial water use is consumptive or nonconsumptive as well as causing or
alleviating contamination.

PUBLIC WATER SUPPLIES

More than 32 municipal and privately owned water utilities provide about
32 billion gallons of water per year for a permanent population of 500.000, s
peak tourist season population of 890.000, and most commercial and industrial
use in Broward County. The largest utility, Fort Lauderdale. can provide a peak
supply of more than 60 mgd to a maximum population of 186.000 people. Tne
smallest utilities provide < few thousand gallons per day to less than ) 00 people.
Major water treatment plants and well fields are shown on the map in figure 58
and additional plant information is shown in table 7.

All public supplies in Broward County are pumped from wells. However,
many well fields are replenished in pan by the infiltration of water from nearby
canals. Although most of the people in the urban area are served by municipal
systems some single and multi-unit domestic systems are supplied by individual
wells. It is estimated thai between 30,000 and 35,000 private wells produce 3.65
billion gallons per year.

Urban water use is greatest, about 150 mgd, during the winter months
when the tourist season and the dry season coincide to cause maximum domestic
and recreational use along with heavy lawn irrigation. Although some swimming
pools and lawn irrigation systems are supplied by individual wells most supplies
in the urban area are provided by municipal water systems. Tne recent trend
toward the buflding of condominiums and large apartment complexes which
increase population density and water use has caused unanticipated demands on
some systems. The cities of Fort Lauderdale, Pompano Beach, and Hollywood
and the several plants of the Broward County Utilities Department are the
largest suppliers of water with average daily pumpage rates ranging from ) 0 to
35 rug.
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PORT LAUDERDA.LE

The Fort Lauderdak water system, by far the largest in the county, treats
and distributes almost as much water as all other systems combined (fig. 59). In
addition to several unincorporated areas, Fort Lauderdale supplies water to the
systems of Wilton Manors, Oakland Park, Tamaras, Port Everglades, and the Fort
Liuderdaie • Hollywood International Airport.
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FtfimSS. Monthly pumpaye from the Fort L»u6ert«le Dixie and
«tf fMdsand aauaU at FOR Luftvdalc, 1952-6$.
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Water is supplied from two well fields and treatment plants - the Dixie well
field and treatment plant established in 1926 between North New River Canal
and Plantation Canal, near the city's west boundary and the Prospect well field
•nd Fiveash treatment plant established in 1953 between Middle River Canal and
Cypress Creek Canal near Prospect air field (fig. 58). The Dixie well field
includes 26-wells ranging in depth from 114 to 148 feet and the Prospect well
field includes 26 wells ranging in depth from 75 to 125 feet. The rated capacities
of the Dixie and Fiveash treatment plants are 20 and 40 mg, respectively. Both
plints provide aeration, coagulation and softening, iron and color removal, and
disinfection. Monthly pumpage from both well fields is shown in figure 59. Per
capita use is high, 193 gpd, because of heavy use during hot dry weather and the
inclusion of use by the touhn trade and other commercial activities. The peak
use is generally almost double the average use which adds to the economic and
operation effort required to maintain an adequate supply distribution system.
The distribution system includes ground storage of 19 million gallons, elevated
storage of 3 million gallons, 634 miles of water mains (as much as 36 in. dia.)
and 2,845 fire hydrants.

HOLLYWOOD

The Hollywood water system serves a population of 100,000 from two
treatment facilities, with a total capacity of 20 mgd. Tne major plant was
constructed in 1967 near the original plant site on Hollywood Boulevard, about
4 miles inland from the Intracoastal Waterway (fig. 58). The second plant,
acquired in 1965 in conjunction with the annexation of an additional area west
of the city, is maintained on a standby basis.

The source of water for the system is a group of 15 wells, 65 to 125 feet
deep, extending north from the plant site. Average and peak day pumpage rates
are 12 mgd and 16 mgd, respectively. A sharp increase in pumpage in 1965
followed the incorporation of an additional area into the system (fig. 60). Tne
distribution system includes ground storage of 5.5 million gallons, elevated
storage of 2 million gallons and water mains as much as 30 inches in diameter. It
is interconnected with the system of Dani&, Pembroke Pines, Hallandale and
Davie to provide water during periods of peak demand.

POMPANO BEACH

Water for Pompano Beach is provided by a treatment plant and well field
located on the low sand ridge near the coast (fig. 58) in an area which yields
ground water of very good quality. Because the water is of good quality a
simplified treatment system is used, which includes removal of iron and
hydrogen sulfide, and disinfection by prechlorination, pon-chJorinauoa, and
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DEPARTMENT OF THE INTERIOR
UNITED STATES GEOLOGICAL SURVEY

INTRODUCTION

The principal source of freshwater in southeast Florida is the surficial aquifer
system. The Biscayne aquifer, the major and only formally named aquifer of this
system, is a highly permeable limestone and sandstone unit that occurs at or near
land surface in most of Broward County (Parker and others, 1955). In Broward
County, unnamed hydrogeologic units of low to relatively high permeability
were penetrated below the Biscayne aquifer and laterally where it pinches out.
These unnamed hydrogeologic units are hydrologically contiguous with the Bis-
cayne aquifer and, together, they constitute the surficial aquifer system. The
base of the surficial aquifer system is delineated at the top of a thie*. sequence of
a relatively impermeable clay and silt unit in the lower part of the Tamiami For-
mation or in the Hawthorn Formation.

This report describes the geologic framework of the surficia! aquifer system in
Broward County, Fla. (fig. 1). It is pan of a long-term intensive study begun by
the U.S. Geological Survey in 1979, in cooperation with the South Florida Water
Management District, to describe the geology, hydrologic characteristics, and
the ground-water quality of the surficial aquifer system in southeast Florida.

Twenty-seven test wells were drilled completely through the surficial aquifer
system and into the underlying, relatively impermeable, units of the Hawthorn
Formation to obtain the data needed to describe the geology of the surficial
aquifer system. The test wells were drilled by the reverse air, dual wall method.
This method provided geologic samples superior to those obtained by most other
methods in that the samples were uncomaminated by drilling fluid and were
large enough for describing sedimentary and petrographic characteristics. Detail-
ed lithologic logs were made from rock cuttings and cores obtained from these
wells and are presented in this report. These logs were used to prepare geologic
sections that show the lithologk variations, thickness of the lithologic units, and
different geologic formations that comprise the aquifer system.

80" 52'SO"

METHODS;
i of the wtfl cut-

acid teas; and paioyanhk into sectiom, were used when
!a*6wic^aid> identifying and *e«We« ft* î ^
- classification of carbonate toctawas oed to idaarifring rocks whh a cakwm car-

bonate content of SO percent and greater (Folk. 1968). The standard Wemworth
terrigenous grain-size classification (Petli}ohn. 1957, p. 27) was used in classify-
ing sediments and rocks consisting of tas than SO percent calcium carbonate. A
modifying term was added to the description of the terrigenous samples if a
foreign size content greater than 10 percent was present. A silty sand contains
over 10 percent silt, a clayey silt contains over 10 percent clay, and a sandy clay
contains over 10 percent sand. The same principle was utilized for carbonate
rocks, so that a sandy limestone contains more than 10 percent sand. The
percentage of a given constituent was determined by using the "Comparison
Chan for Visual Percentage of Estimation" from Terry and Chilingar (in
Scholle. - »9<7«.
p. x). The constituent rock fragments (RF) found in some samples are noted in
the lithologic descriptions in the abbreviated form RF. The colors indicated by
the chan numbers in parenthesis are based on the "Rock-Color Chart" by God-
dard and others (1948) and were assigned while the samples were damp.

GEOLOGY

The wrficial aquifer system in Broward County is composed of limestone,
sandstone, tanf. shea, Hmamnd, int. day. and an admixture of these materials.
These sedrmenis were deposited during the Pliocene through Pleistocene Epochs
(Parker and others, 19SS, p. 160) and were assigned to the following general
ctratiprachic sequence from bottom to top. however, some units are equivalent:



sandstone, sand, shell, hmemud, silt. clay, and an admixture 01 these material.
These sediments were deposited during the Pliocene through Pleistocene Epochs
(Parker and others, 1955. p. 160) and were assigned to the following general
ttraittraphk sequence from bottom to top, however, some units are equivalent:
Tamtami Formation, Caloosahatchee Marl, Fort Thompson Formation. Key
Largo Limestone, Anastasia Formation. Miami Oolite, and Pamlico Sand. The
Caloosahaichee Marl occurs as erosionat remnants in southeast Florida; in
Broward County (Schroeder and others, 1958. p. 11), it has been reported only in
the extreme nonhwettern pan of the county. The Caloosahatchee Marl was not
encountered in any well drilled during the present study.

The geologic sections A-A ' to D-D' on sheets I and 2 show some of the varia-
tions in the wedge of sediments that make up the framework of the surficial
aquifer system. The aquifer system is thickest along the coast where in some
areas it may exceed 400 feet in thickness and gradually thins inland toward the
west and southwest where it is about 160 feet thick. The aquifer system is com-
prised of distinct lithologic units that show numerous facies changes that were
brought about primarily by changes in sea level. A distinct contrast exists in
lithologies between western and eastern Broward County defined, respectively,
as the area west of and under the water conservation areas and the area east of
U.S. Highway 441 (fig. I). In the western pan of the county, the aquifer system
is primarily composed of limestone, sand, hmemud, and clay, but the eastern
part is primarily composed of sandstone, sand, sandy limestone, and sill (see
sheets I and 2. sections A-A' to D-D'). The transition between the predominant-
ly carbonate and predominantly clastic areas lies between the water conservation
areas and U.S. Highway 441.

The uppermost lithologic unit of the aquifer system in western Broward Coun-
ty usually consists of pale-orange to yellowish-brown, mottled, well-cemented
limestone that contains abundant specimens of the freshwater gastropod
Helisoma sp. and has undergone diagnesis as a result of prolonged contact with
slowly moving water. The limestone exhibits features of dissolution, replace-
ment, and reprecipitation of calcite as cavity-filling cement. Iron oxide stains
and calcrete crust indicate that the limestone has been subaerially exposed. This
limestone unit ranges in thickness from about 4 to 72 feet and is thickest along
the south-central pan of the county, feathering out toward the easternmost edge
of the water conservation areas in the vicinity of wells G-2322 (section C-C') and
G-2J41 (section B-B'). In places, lenses of shelly sandy micrite (limemud) and
shelly micritic sand containing many specimens of Chione conciliate and Tur-
riteUe sp. are interbedded with the limestone unit. The physical characteristics
and fauna) assemblage of this limestone are similar to the limestone units of the
Fort Thompson Formation, as described by Schroeder and others (1958,
p. 12-U).

A partially cemented, sandy, shelly, gray limestone lies unconformably below
the upper unit. It contains a faunal assemblage that is abundant in pelecypods
(Pecten sp. and Ostrta sp.), pink barnacles, and echinoids. The faunal
assemblage, color, and other physical properties of this limestone are similar to
the limestone prototype of the Tamiami Formation in Collier County, as describ-
ed by Parker and others (I9SS, p. SS), and the limestone is probably equivalent in
age. This gray limestone makes up most of the surficial aquifer system in western
Broward County, and it decrease* in thickness toward the east where it imer-
fingers with sand, shelly sand, and sandstone or grades into a loosely cemented,
shelly sandstone containing deuital carbonate. Local thin lenses of shelly clayey
sand, shells, and micrite interfinger with the gray limestont in the western pan of
the county.

The gray limestone is underlain by fine to very fine grained quartz sand which
contains phosphorite as an accessory mineral. The sand is shelly in many places;
the shells are comparable in age to those in the overlying limestone and to those
in the sand unit of the Tamiami Formation. With increasing depth, the silt and-
clay content of the fine-sand unit increases, and the unit grades into clay. Parker
and Cooke (1944. p. 96-112) assigned this clay to the Hawthorn Formation. The
clay is slightly calcareous and grades into clayey silt and silt toward the east
where it was over 300 feet below land surface in test well G-2345 (sheet 1, section
C-C'; sheet 2. section G-O'). In many of the wells drilled, it was difficult to dif-
ferentiate between the Tamiami silt and the Hawthorn silt without a detailed
foraminferal study. In these wells, the symbol "Tth" was used for Tamiami For-
mation and Hawthorn Formation undifferemiated. The silt and clay unit was
not penetrated in test wells near the coast, two of which were drilled to a max-
imum depth of 476 feet below land surface (sheet 2, section H-H'). Apparently,
the sill and clay unit grades laterally into impure Hawthorn limestone in this
area.

The pan of the surficial aquifer system that extends from the coast to the
eastern edge of the water conservation areas primarily consists of beach and in-
ner shelf deposits such as sand, sandstone, and sandy shelly limestone. The up-
permost pan of the surficial aquifer system throughout that part of Broward
County consists of a pale-orange to brown quartz sand that ranges from very
coarse to very fine grained but is moderately to well soned toward the medium
sand-size fraction. This sand ranges in thickness from a minimum of S feet to a
maximum of 52 feet in the vicinity of well G-2321 (sheet 2, sections D-D' and
n.fi "\ This sand was called th* Pamlico Sand hv Parker and Cookc (1944.
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ciay is. Mignuy calcareous ana graac* into ciayey sill and silt toward the east
where it was over 900 feet below land surface in test well G-2345 (sheet I. section
C-C'; sheet 2, section C-C'). In many of the wells drilled, it was difficult to dif-
ferentiate between the Tamiami silt and the Hawthorn silt without a detailed
foraminferal study. In these wells, the symbol "Tth" was used for Tamiami For-
mation and Hawthorn Formation undifferentiated. The silt and clay unit was
not penetrated in test wells near the coast, two of which were drilled to a max-
imum depth of 476 feet below land surface (sheet 2, section H-H '). Apparently,
the silt and clay unit grades laterally into impure Hawthorn limestone in this
area.

The part of the surficial aquifer system that extends from the coast to the
eastern edge of the water conservation areas primarily consists of beach and in-
ner shelf deposits such as sand, sandstone, and sandy shelly limestone. The up-
permost part of the surficial aquifer system throughout that pan of Broward
County consists of a pale-orange lo brown quartz sand that ranges from very
coarse to very fine grained but is moderately to well sorted toward the medium
sand-size fraction. This sand ranges in thickness from a minimum of $ feet to a
maximum of 52 feet in the vicinity of well C-2327 (sheet 2, sections D-D' and
G-G'V This sand was called the Pamlico Sand by Parker and Cooke (1944,
p. 75).

In test well G-2347 (sheet I. section C-C'), a 13-foot thickness of the oolitic
and bryozoan limestone facies ol the Miami Oolite occurs at land surface. Well
G-2347 was the only well drilled during this investigation that penetrated the
Miami Oolite. Peirographic thin sections made from this limestone show that
fine-grained angular quartz forms the nuclei of the ooids. A 20-foot layer of
fine-grained quartz sand lies below the oolitic limestone. The sand grades into
clay and limemud toward its base and contains approximately 3 to 10 percent
ooids. This sand layer is considered in this report to be a part of the Miami
Oolite.

The Key Largo limestone underlies this sand unit in well G-2347 and also was
penetrated near the coast and southeast Broward County in wells G-2327,
G-2328, and G-2344. The Key Largo is a highly crystalline, reefal limestone
deposit that contains corals (including Monastrta sp.), Halimeda fragments, and
mollusks.

Below the Pamlico Sand and imerfingering with the Key Largo limestone and
Miami Oolite in east Broward County are numerous layers and lenses of sand,
shelly sand, shelly and nodular sandstone, and sandy limestone. These inter-
bedded materials are pan of the Anastasia Formation and are thickest in the
northeastern pan of the county where the Anastasia Formation is over 180 feel
below land surface. The Anastasia Formation thins toward the central and
southern pans of the county where it interfingers with the Fon Thompson For-
mation. Lying unconformably beneath these sediments are thin layers of
limestone of the Tamiami Formation (similar to that found in west and central
Broward County) interbedded with a sandstone and sand facies of the same for-
mation. These materials are underlain by a relatively impermeable silt unit that is
of Miocene age (F.W. Meyer. U.S. Geological Survey, oral commun., 1983) and

•whose top forms the base of the surficial aquifer system in east Broward County.
In the coastal areas (sheet 2. section H-H ') instead of the silt unit, there occurs

a lOOSCly CcmcmcO. pale-gran nmmon. —».«. *. ,OTM»«My of M.~thorn «•«; it
was encountered m depths ranging from SOU to 480 feet below land surface. The
limestone consists of fossiliferous micrites and imramicrites that are abundant in
mollusks and planktonic foraminifers. This limestone unit is the base of the
aquifer system in the coastal areas (J.E. Fish, U.S. Geological Survey, oral com-
mun., 1983).

SELECTED REFERENCES

Blatt, Harvey, Middleton. Gerard. and Murray, Raymond. 1972, Origin of sedi-
mentary rocks: Englewood Cliffs, N.J., Prentice-Hall. 634 p.

Folk, R.L.. 1968, Petrology of sedimentary rocks: Austin. The University of
Texas. 170 p.

Goddard. E.N., Chairman, and others, 1948, Rock-color chart: National Re-
search Council; reprinted by Geological Society of America, 1951, 1963,
1970, 10 p.

Parker, G.G., and Cooke, C.W., 1944. Late Cenozoic geology of southern
Florida, with a discussion of ground water: Florida Geological Survey
Bulletin 27. 119 p.

Parker, G.G.. Ferguson, G.E., and Love. S.K.. and others, 1955, Water re-
sources of southeastern Florida: U.S. Geological Survey Water-Supply
Paper 1255, 965 p.

Pettijohn, F.J.. 1957, Sedimentary rocks: New York, Harper and Brothers,
718 p.

Puri, H.S., and Vernon, R.O., 1964, Summary of the geology of Florida:
Florida Geological Survey Special Publication 5, 312 p.

Scholle, P.A.. 1978, A color illustrated guide to carbonate rock constituents,
textures, cements, and porosities: The American Association of Petroleum
Geologists Memoir 27, 241 p.

Schroeder, M.C., Klein, Howard, and Hoy, N.D., 1958, Biscayne aquifer of

80'

120

160' —— ̂

200

240' —

280' ——

320

360

400

440' ——

480



26° 15'

26°OT'30

HOLLYWOOD

0 1 2 3 4 5 MILES
•«—i-H—i' i S—rJ-i—I
0 1 2 3 4 5 6 7 8 KILOMETERS

I I _L

26° 00'

80»50' 80° 22' 50" 800I5' 8 0*07'30"

—Location of test wells and geologic sections in Broward County.

(/) i.i
UJ -* I



0 •"

it

II



EXPLANATION
I Fill

Peat or muck

Sand

(||| Sandstone

-T-i Detr i tal
1 carbonate

— 1 sand
C o n o T w t J o n i

Shell

Silt

-i-i Clay

Clay stone
or siltstone
Micrite
(Limemud)

Limestone

Oolitic
limestone
Coralline
limestone
or Biolithite

GEOLOGIC FORMATIONS

Qp Pamlico Sand
Om Miami Oolite
Oa Anastasia Formation
Ok Key Largo Limestone
Q1 Fort Thompson Formation
Tl Tamiami Formation
Th Hawthorn Formation
Tth Tamiami Formation and

Hawthorn Formation
undif f e rent ia ted

•—— F o r m a t i o n b o u n d a r y

CO
CM
I
O Tes t well and number

NGVD National Geodetic Vert ical Datum of
1929 (formerly called mean sea level)

01-
0

Ver t ica l

WEST-EAST SECTION C-C'



Bureau of Waste Cleanup

NOV 30 1989

• technical Review Section

GEOLOGY OF THE SURFICIAL AQUIFER SYSTEM

BROWARD COUNTY, FLORIDA

LITHOLOGIC LOGS

By Carmen R. Causaras

U.S. GEOLOGICAL SURVEY

WATER-RESOURCES INVESTIGATIONS REPORT 8A-4068



Lithologic Log of Well G-2345

Lat 26006'41", long 80°12'35"
Sec. 12, T. 50 S., R. 41 E.

Description ness
(feet)

Depth, feet
below land
surface

Sand, pale-yellowish-brown (10 YR 6/2), darlt-yellowish-brown
(10 YR 4/2), moderate-brown (5 YR 3/4), and grayish-brown
(5 Y 3/2); quartzose, medium to fine grained, well sorted
(fine), angular to subrounded; about 1 to 3 percent phospho-

- rite, fine grained, subrounded to rounded.

"" ' Sand as above; interbedded with about 20 percent sandstone,
- ] quartzose, medium to very fine grained, well sorted (fine),
~ ] angular to rounded; about 20 percent micrite matrix; about 5
~ ! to 10 percent shells, pelecypods; about 3 to 5 percent phos-

phorite, very fine grained, rounded.

Sand as in 0 to 3 feet; about 5 to 10 percent silty micrite,
not cemented; about 3 to 5 percent detrital carbonate.

Limemud, pale-yellowish-brown (10 YR 6/2); silty micrite, not
cemented; about 40 percent quartz, medium to very fine
grained, moderately sorted (very fine), subangular to
rounded; about 1 to 3 percent phosphorite, very fine grained,
rounded.

Sand, pale-yellowish-brown (10 YR 6/2); quartzose, medium to
very fine grained, well sorted (fine), angular to rounded;
about 1 to 3 percent phosphorite, very fine grained, rounded.

Limemud, pale-yellowish-brown (10 YR 6/2); about 40 percent
quartz, fine to very fine grained, well sorted (very fine),
subangular to rounded; about 1 to 3 percent phosphorite, very
fine grained, rounded.

Sand, pale-yellowish-brown (10 YR 6/2); quartzose, medium to
very fine grained, moderately sorted, (fine), angular to
rounded; about 30 percent silty micrite, not cemented.

Sand, very pale orange (10 YR 8/2) and yellowish-gray (5 Y
8/1); quartzose, fine to very fine grained, well sorted
(fine), angular to subangular; about 5 to 10 percent silty
micrite, not cemented.

Sand, yellowish-gray (5 Y 7/2); quartzose, medium to very fine
grained, well sorted (fine), angular to rounded; about 3 to
10 percent silty micrite, not cemented; about 5 percent phos-
phorite and heavy minerals, fine to very fine grained, well
sorted (very fine), angular to subrounded.

Sand, very pale orange (10 YR 8/2); quartzose, medium to fine
grained, well sorted (fine), angular to rounded; about 5 per-
cent phosphorite, medium to very fine grained, well sorted
(very fine), angular to well rounded.
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Lithologic Log of Well G-2345—Continued

Lat 26°06'41M, long 80°12'35"
Sec. 12, T. 50 S., R. 41 E.

Thick- Depth, feet
Description ness below land

_______________________________________________(feet) surface

Limestone, yellowish-gray (5 Y 7/2); sandy, packed intraspar- 10 69 - 79
ite; about 15 to 20 percent quartz, coarse to very fine
grained, poorly sorted, angular to rounded; about 5 to 10
percent phosphorite, coarse to very fine grained, moderately
sorted (fine), subangular to well rounded; calcite cavity-
filling cement is present at 76 to 79 feet; loosely to well
cemented.

Limestone as above; about 5 to 10 percent quartz; interbedded 4 79-83
with sandy, pelletlferous intramicrlte; calcite cavity-fill-
ing cement is present; about 30 percent quartz, very fine
grained, angular; about 5 to 10 percent phosphorite, very
fine grained, well rounded; well cemented.

Sandstone, light-gray (N 7) to very light-gray (N 8); nodular; 3 83-86
quartzose, very fine grained, angular to subangular; about 20
percent phosphorite and heavy minerals, very fine grained,
subrounded to well rounded; about 10 percent sparite matrix;
well cemented.

Limestone, yellowish-gray (5 Y 7/2); sandy intrasparlte; about 3 86-89
20 to 30 percent quartz, very coarse to fine grained, moder-
ately sorted (fine), subangular to rounded; about 10 to 15
percent phosphorite, very coarse to very fine grained, poorly
sorted, subangular to well rounded; loosely to well cemented;
grading into a very sandy sparite to a sandstone in places;
about 40 to 55 percent quartz, fine to very fine grained,
well sorted (fine), subangular to subrounded; well cemented.

Limestone, yellowish-gray (5 Y 7/2); sandy, pelletiferous in- 4 89-93
trasparite; about 20 to 25 percent quartz, fine to very fine
grained, angular to subangular; about 20 percent phosphorite
and heavy minerals, fine to very fine grained, well sorted
(very fine), subrounded to well rounded; loosely to well ce-
mented.

Limestone, yellowish-gray (5 Y 7/2); sandy intrasparite; about 3 93-96
30 percent quartz, medium to fine grained, moderately sorted
(fine) , subangular to rounded; about 10 to 15 percent phos-
phorite and heavy minerals, including iron-rich minerals,
fine grained, subrounded to well rounded; loosely to well
cemented.

Limestone, light-olive-gray (5 Y 6/1); sandy, intraclastic pel- 7 96 - 103
sparite; intraclastics exhibit parallel orientation resulting
in faint banding; about 20 to 25 percent quartz, fine to very
fine grained, well sorted (fine), angular to subrounded;
about 10 percent phosphorite and heavy minerals, very fine
grained, angular to well rounded; moderately to well cemented.
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Lithologic Log of Well G-23A5—Continued

Lat 26°06'41", long 80°12'35"
Sec. 12, T. 50 S., R. 41 E.

Description
Thick- Depth, feet
ness below land
(feet) surface

Sand, yellowish-gray (5 Y 7/2); quartzose, coarse to fine
grained, well sorted (fine), subrounded to rounded; about
5 to 10 percent phosphorite and heavy minerals, coarse to
very fine grained, moderately sorted (fine), very angular
to rounded; about 1 to 3 percent silty micrite; interbedded
with about 10 to 15 percent sandy siltstone, yellowish-gray
(5 Y 7/2) and grayish-black (N 2); about 35 to 40 percent
quartz, medium to very fine grained, poorly sorted, angular
to rounded; about 50 to 55 percent calcareous matrix consist-
ing of a black and yellow mineral; about 5 percent phospho-
rite and heavy minerals, fine to very fine grained, well
sorted (fine), subangular to well rounded; well cemented.

Sand, yellowish-gray (5 Y 7/2); quartzose, medium to very fine
grained, moderately sorted (fine), angular to rounded; about
5 to 10 percent phosphorite and heavy minerals, fine to very
fine grained, well sorted (fine), angular to well rounded;
about 5 to 10 percent calcareous silt, quartzose.

Sand as above; about 20 percent phosphorite and heavy minerals,
coarse to very fine grained, well sorted (fine), subangular
to well rounded; about 3 to 5 percent calcareous silt.

Limestone, very pale orange (10 YR 8/2); sandy micrite; about
20 to 25 percent quartz, coarse to very fine grained, moder-
ately sorted (fine), angular to rounded; about 15 to 20
percent phosphorite and heavy minerals, coarse to very fine
grained, poorly sorted, subangular to well rounded; inter-
bedded with fossiliferous micrite to sandy, fossiliferous
micrite; about 5 to 10 percent quartz, very fine grained,
subangular, coated with red silt; well cemented.

Limestone, very pale orange (10 YR 8/2) and grayish-orange (10
YR 7/4); mixture: sandy, fossiliferous intramicrite, sandy
dismicrite, and a sandy micrite grading into a sandstone in
places; neomorphic calcite and subaerial features evident;
serpulids and pellets; about 20 to 40 percent quartz, fine
to very fine grained, well sorted (fine), angular to rounded;
about 10 to 15 percent phosphorite, fine to very fine
grained, well sorted (fine), subangular to well rounded;
moderately to well cemented.

Limestone, yellowish-gray (5 Y 7/2); sandy, fossiliferous
micrite, gastropods and pelecypods; about 20 to 30 percent
quartz, fine to very fine grained, subangular to rounded;
about 5 to 10 percent phosphorite, medium to very fine
grained, moderately sorted (fine), subrounded to rounded;
loosely to well cemented; interbedded with about 30 percent
sand as in 56 to 58.5 feet.

49 - 53

53 - 56

2.5 56 - 58.5

.5 58.5 - 59

59 - 63

63 - 69
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Lithologic Log of Well G-2347

Lat 26°05'07", long 80°08'56"
Sec. 22, T. 50 S., R. 42 E.

Description

Fill.

Limemud, olive-gray (5 T 4/1); sandy micrite; about 20 percen

Thick-
ness
(feet)

4

t 3

Depth, feet
below land
surface

0

4

- 4

- 7
quartz, medium to fine grained, well sorted (fine), sub-
rounded to rounded; interbedded with about 40 percent lime-
stone mixture, yellowish-gray (5 Y 8/1); unsorted biosparite,
mollusks and abundant bryozoans; neomorphic and cavity-fill-
ing calcite are present in matrix; well cemented; and sandy,
fossiliferous oomicrite, mollusks; about 20 percent quartz,
fine grained, subangular to subrounded; moderately cemented,
friable.

Limestone, very pale orange (10 YR 8/2); sandy, sparse oomi-
crite, pelecypods; about 20 to 25 percent quartz, medium to
.fine grained, well sorted (fine), subrounded; moderately ce-
mented, friable.

Limestone, very pale orange (10 YR 8/2); fossiliferous oomi-
crite grading into a sandy, fossiliferous oomicrite, pelecy-
pods (smooth white tests); about 30 to 35 percent quartz as
above; and an oosparite, cavity-filling calcite cement is
present; moderately (friable) to well cemented.

Sand, very pale orange (10 YR 8/2) to pale-yellowish-brown (10
YR 6/2); quartzose, coarse to very fine grained, well sorted
(fine), angular to subrounded; about 3 to 10 percent ooids,
medium to fine grained, well sorted (medium), well rounded;
about 3 to 10 percent clayey micrite, not cemented.

Sand as above, dark-yellowish-brown (10 YR 4/2); about 5 to 10
percent silty, calcareous clay; about 3 percent ooids.

Sand as above, dark-yellowish-brown (10 YR 4/2) to grayish-
orange (10 YR 7/4) to very pale orange (10 YR 8/2); about 3
to 5 percent phosphorite and heavy minerals, fine grained,
subangular to well rounded; about 3 to 5 percent silty, cal-
careous clay; about 1 to 5 percent silty clay.

Limestone, yellowish-gray (5 Y 8/1); biolithite, Monastrea sp.;
neomorphic calcite present; about 5 to 10 percent quartz,
fine grained, subangular to subrounded; grading into an
intramicrite; about 5 percent clay; well cemented.

Limestone as above, grading into sandy intramicrite; about 25
to 30 percent quartz, medium to fine grained, moderately
sorted (fine), subangular to subrounded; about 10 to 15
percent phosphorite and heavy minerals, coarse to very fine
grained, poorly sorted, subangular to well rounded.

7-14

14 - 17

17 - 24
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Lithologic Log of Well G-2347—Continued

Lat 26°05'07", long 80°08'56"
Sec. 22, T. 50 S,, R. 42 E.

Description
Thick- Depth, feet
ness below land
(feet) surface

Limestone, yellowish-gray (5 Y 8/1); sandy intrasparite; about
15 to 20 percent quartz, coarse to fine grained, moderately
sorted (fine), subangular to rounded; about 5 percent phos-
phorite, very coarse to very fine grained; well cemented; in-
terbedded with about 30 percent sandstone; quartzose, fine to
very fine grained, well sorted (fine), subangular to rounded;
about 20 percent phosphorite and heavy minerals, very fine
grained, subangular to rounded; about 40 to 45 percent mi-
critic matrix; rod-shaped with center composed of a neo-
morphic calcite matrix; moderately to well cemented.

Sand, yellowish-gray (5 Y 8/1); quartzose, fine to very fine
grained, well sorted (fine), angular to subrounded; about 20
percent phosphorite and heavy minerals, very fine grained,
subangular to rounded; inter bedded with about 30 to 40 per-
cent sandstone as above, nodular.

Sand, yellowish-gray (5 Y 8/1); quartzose, coarse to fine
grained, well sorted (fine), angular to rounded; about 20
percent phosphorite and heavy minerals, medium to very fine
grained, moderately sorted (fine), subrounded to well rounded;
interbedded with about 30 to 35 percent limestone mixture:
sandy, intraclastic, sparse biomicrite, mollusks including
gastropods and pelecypods; about 20 to 25 percent quartz,
fine to very fine grained, well sorted (fine), angular to
subrounded; about 15 percent phosphorite and heavy minerals,
fine to very fine grained, subrounded to rounded; and a sandy
intrasparite; calcite cavity-filling cement is present; about
25 to 30 percent quartz, medium to fine grained, moderately
sorted (fine), angular to rounded; about 10 percent phospho-
rite and heavy minerals, fine to very fine grained, well
sorted; fossiliferous micrite, very pale orange (10 YR 8/2);
gastropods and pelecypods; about 5 percent quartz, very fine
grained, angular to subangular; well cemented.

Limestone, yellowish-gray (5 Y 7/2); sandy, sparse intrami-
crite, gastropods and pelecypods; about 20 to 25 percent
quartz, medium to very fine grained, well sorted (fine), sub-
angular to rounded; is a contact with a sandy intramicrite;
about 25 to 30 percent quartz, medium to fine grained, well
sorted (fine), subrounded to rounded; about 3 to 5 percent
phosphorite and green mineral, medium to very fine grained,
moderately sorted (very fine), angular to well rounded; mod-
erately to well cemented.

Limestone, yellowish-gray (5 Y 7/2); sandy, fossiliferous in-
tramicrite; about 20 to 25 percent quartz, medium to fine
grained, moderately sorted (fine), subangular to subrounded;
about 5 to 10 percent phosphorite, very coarse to very fine
grained, poorly sorted, subangular to well rounded; well
cemented; interbedded with about 20 percent sand; quartzose,
very angular to angular; about 15 to 20 percent phosphorite,
fine to very fine grained, rounded to well rounded.

50-54

54 - 60

60 - 64

64 - 67

13 67 - 80
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Lithologic Log of Well G-2347—Continued

Lat 26°05'07", long 80008'56"
Sec. 22, T. 50 S., R. 42 E.

Description
Thick-
ness
(feet)

Depth, teet
below land
surface

Limestone, yellowish-gray (5 Y 7/2); sandy, intrasparite; about
20 percent quartz, medium to very fine grained, poorly
sorted, angular to rounded; about 5 percent phosphorite, me-
dium to very fine grained, poorly sorted, subangular to well
rounded; is a contact with a micrite, weathered, pitted tex-
ture; cavity-filling calcite cement is present.

Limestone, yellowish-gray (5 Y 8/1) to very pale orange (10 YR
8/2); pelletiferous, sparse intramicrite, framework organism,
gastropods, pelecypods, coral including Monastrea sp., bur-
rows, and pellets; neomorphic calcite present at 87 to 90
feet; about 10 percent quartz, very fine grained, angular to
subangular; about 5 to 10 percent phosphorite and heavy min-
erals, very fine grained, subangular to well rounded; moder-
ately to well cemented.

Limestone, yellowish-gray (5 Y 8/1 and 5 Y 7/2); intraclastic,
sparse pelmicrite, pelecypods, halimeda, and abundant coral;
neomorphic and cavity-filling calcite are present in matrix;
moderately to well cemented.

Limestone, yellowish-gray (5 Y 7/2 and 5 Y 8/1); fossiliferous
pelintramicrite, echinoid spines and fragments, and moHusks
including pelecypods and Pecten sp.; well cemented.

Limestone, yellowish-gray (5 Y 8/1); sandy intramicrite, grad-
ing into a sandy intrasparite in places; about 20 to 30 per-
cent quartz, medium to very fine grained, moderately sorted
(fine), subangular to rounded; about 5 to 10 percent phospho-
rite and heavy minerals, coarse to very fine grained, poorly
sorted, subangular to well rounded; well cemented.

Limestone, yellowish-gray (5 Y 7/2); sandy intrasparite; about
30 to 35 percent quartz, fine to very fine grained well
sorted (fine), subangular to subrounded; about 5 to 10 per-
cent phosphorite and heavy minerals, medium to very fine
grained, well sorted (fine), subangular to well rounded; nod-
ular; well cemented; interbedded with about 15 percent sand;
quartzose, medium to very fine grained, well sorted (fine),
subangular to rounded; about 10 percent detrital carbonate;
about 5 to 10 percent phosphorite, medium to very fine
grained, poorly sorted, subrounded to rounded.

Sandstone, yellowish-gray (5 Y 7/2); quartzose, medium to fine
grained, well sorted (fine), subangular to subrounded; about
5 percent phosphorite, very coarse to very fine grained,
poorly sorted, rounded to well rounded; about 25 percent
detrital carbonate coarse to fine grained, moderately sorted
(medium), angular to rounded; about 10 to 15 percent sparite
matrix; grading into an intraclastic, unsorted biosparite;
about 10 to 15 percent quartz and about 3 to 5 percent phos-
phorite as in sandstone; moderately to well cemented.

80 - 8A

10 84 - 94

10 94 - 104

104 - 107

107 - 110

110 - 114

114 - 117
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Soil Survey of
Broward County, Florida
Eastern Part

By Robert P. Pendleton. Hershel D. Dollar, Lloyd Law, Jr..
Samuel H. McCollum, and David J. Belz, Soil Conservation Service

United States Department of Agriculture, Soil Conservation Service,
in cooperation with the
University of Florida, Institute of Food and Agricultural Sciences,
Agricultural Experiment Stations and Soil Science Department, and the
Florida Department of Agriculture and Consumer Services

Broward County, Eastern Part, is in the southeastern
pan of Florida. It has a total land area of 265,273 acres,
or about 414.5 square miles. Fort Lauderdale is the
county seat of Broward County. The survey area is
bounded by Dade County on the south, a conservation
area on the west and Palm Beach County on the north.

Most of the survey area is low, nearly level land at an
elevation of 2 to 10 feet above sea level. Two dominant
sand ridges are in the area. One is the Atlantic Coastal
Ridge, which extends from Palm Beach County and ends
south of Pompano. The other is known as Pine Island
and is west of Davie and north of Cooper City. This ridge
consists of only about 400 acres but is at the highest
elevation, 29 feet, in the survey area. The average
temperature in the survey area is 75.4* F. Rainfall is
abundant, but is unevenly distributed.

The county has a population of 1,005,315. Almost all
of the people Kve east of the conservation area.

Generally, farm activity has diminished, but some
citrus crops, winter truck crops, and cattle are produced.

Broward County, Eastern Part, is very popular with
tourists and retired people because of the warm climate
in winter and the various recreational facilities.

General Nature of the Survey Area
Soil is intimately associated with its environment The

interaction of all factors determines the overall behavior
of a soil for a given use. This section discusses briefly
the major factors of the environment other than those
that affect the use and management of soils. The factors
discussed are climate; transportation, markets, and
farming; water supply; and physiography and drainage.

Climate
This section WM prepared by James T. Bradley, cSmatotogat tor

Florida, National Weather Service, U.S. Department of Commerce. For
convenience in presentation this section includes climate data tor aH of
Broward County.

The climate of Broward County, Eastern Part is
characterized by long, warm, humid summers and mild
winters and is considered one of the most important
natural resources of the county. The moderating
influence of the waters of the Atlantic on maximum
temperatures in summer and minimum temperatures in
winter is quite strong along the immediate coast but
diminishes noticeably a few miles inland. The moderation
of the coastal winter temperatures gives this section of
the survey area a tropical climate (temperatures of
coldest month higher than 64.4* F), while the rest is
designated as humid subtropical.

Rainfall also has a much greater variation in an east-
west direction than it has in a north-south direction.
Precipitation occurs during all seasons, but on the basis
of mean monthly totals of precipitation, a rainy season of
5 months from June through October brings nearly 65
percent of the annual rainfall and a relatively dry season
of 5 months from November through March produces
only about 20 percent of the annual total. Average
annual rainfall totals range from 60 inches along the
coastal sections to nearly 64 inches a few miles inland,
and then diminish to 50 inches along the western border
of Broward County.

Most summer rainfall comes from showers and
thunderstorms of short duration. They are sometimes
heavy, with 2 or 3 inches of rain falling within a period of

1
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Although most of the survey area receives about 60
inches of rainfall annually, this amount may not be
sufficient to provide water needs in the future. The main
alternate source could be Lake Okeechobee to the north
of the survey area.
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Physiography and Drainage
Broward County, Eastern Part, can be divided into

three general regions based on differences in
physiography and soils.

The western part is a nearly level, generally treeless
sawgrass plain that appears to be flat. The soils are
organic and overtte limestone. In many places the soils
are shallow. Under natural conditions, water stood on
these soHs for months and only during extremely dry
seasons was the surface exposed. Today, these soils
have been drained, and water stands on the surface for
only short periods. With drainage, the organic soils are
subject to oxidation and subsidence. When exposed to
air, organic matter is oxidized or slowly decomposed,
and this gradual loss of organic matter results in
subsidence or a lowering of surface elevation. Also,
during dry seasons, wildfires have burned some of the
organic surface soil and decreased the thickness of the
organic material.

Very little acreage of the organic soils is farmed at '
present A few acres are in improved pasture. In recent
years, after some drainage, several types of trees have
become established. These trees are melaleuca,
Australian pine, and waxmyrUe. One method used for
developing the organic soils tor urban use removes the
organic material and adds ffll consisting of rock or sand.

The central part of the survey area consists of nearly
level, grassy areas interspersed with small ponds. The
soils here are wet arid sandy and are underlain by
limestone. Before drainage, water stood on these soils
tor several months each year. The original vegetation
was water-tolerant grasses and a few cypress stands. In
the higher areas, pine and palmetto were common.
These areas are now farmed and produce excellent
pasture and truck crops.

The central part is also an area of rapid urban
development. The underlying limestone is mostly porous,
and water moves through it laterally for long distances.
Water-control ditches can be farther apart in these soils
than in soils underlain by sand or loamy material. For
urban development, fill is commonly added to raise the
elevation to such a level that water does not cover the
soil surface.

The eastern part of the survey area is made up of low,
sandy ridges, a pan ol which is commonly referred to as
flatwoods. The vegetation' Is mostly pine, palmetto, and
native grasses. The flatwoods part is made up of deep,
poorly drained, nearly level, sandy soils. These soHs
have been used mostly for truck crops and pasture, but
are rapidly being developed for urban uses. They require
drainage, and ffll is added to low areas so that the entire
acreage can be developed. The other pan is made up of
deep, excessively drained or well drained, sandy soils,
many of which have been developed tor urban uses.

The major drainage systems in the survey area flow
from west to east and drain into the Atlantic Ocean.

These systems are the Hillsboro Canal at the Palm
Beach-Broward County line, the Pompano Canal at
Margate, the Midnver Canal at Lauderhill, the North New
River Canal at Davie, and C-9 at the Dade County line.
These canals are under the control of the South Florida
Water Management District.

How This Survey Was Made
This survey was made to provide information about the

soils in the survey area. The information includes a
description of the soils and their location and a
discussion of the suitability, limitations, and management
of the soHs for specified uses. Soil scientists observed
the steepness, length, and shape of slopes; the general
pattern of drainage; the kinds of crops and native plants
growing on the soils; and the kinds of bedrock. They dug
many holes to study the soil profile, which is the
sequence of natural layers, or horizons, in a soil. The
profile extends from the surface down into the
unconsolidated material in which the soil formed. The.
unconsoKdated material is devoid of roots and other
living organisms and has not been changed by other
biologic activity.

The soils in the survey area occur in an orderly pattern
that is related to the geology, the landforms, relief,
climate, and the natural vegetation of the area. Each
kind of soil is associated with a particular kind of
landscape or with a segment of the landscape. By
observing the soils in the survey area and relating their
position to specific segments of the landscape, a soil
scientist develops a concept, or model, of how the soils
were formed. Thus, during mapping, this model enables
the soH scientist to predict with considerable accuracy
the kind of soil at a specific location on the landscape.

Commonly, individual soils on the landscape merge
into one another as their characteristics gradually
change. To construct an accurate soil map, however, soil
scientists must determine the boundaries between the
sote. They can observe only a limited number of soil
profiles. Nevertheless, these observations, supplemented
by an understanding of the soil-landscape relationship,
are sufficient to verify predictions of the kinds of soil in
an area and to determine the boundaries.

Soil scientists recorded the characteristics of the soil
profiles that they studied. They noted soil color, texture,
Size and shape of soil aggregates, kind and amount ol
rock fragments, distribution ol plant roots, acidity, and
other features that enable them to identify soils. After
describing the soils in the survey area and determining
their properties, the soil scientists assigned the soils to
taxonomic classes (units). Taxonomic classes are
concepts. Each taxonomic class has a set of soil
characteristics with precisely defined limits. The classes
are used as a basis tor comparison to classify soils
systematically. The system of taxonomic classification
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Most of the acreage of this soil is in natural vegetation
or improved pasture. The natural vegetation consists ol
scattered slash pine and sawpalmetto, pineland
threeawn, paspalum, bluejoint panicum, blue
makJencane. and bluestem.

This soil is poorly suited to cultivated crops or citrus.
Good pasture of improved grasses or grass and clover
can be produced under intensive management. Some
water control and fertilization with trace elements are
needed.

This soil is in capability subclass IVw.

Hb—Hallandate-Urban land complex. This complex
consists mainly of Hallandale fine sand and Urban land.
The areas of these components are so intermixed or so
small that separation at the scale of mapping is
impractical. Depth to the water table depends on the
established drainage in the area.

About 20 to 45 percent of the complex is open land,
such as lawns and vacant lots, and about 40 to 70
percent is Urban land. The rest is modified areas of
Margate, Pompano, and Basinger soils and filled ponds.

The open land consists of nearly level, poorly drained
Hallandale soil that has been modified in most places by
spreading fill material on the surface of the original soil
to an average thickness of about 12 inches. The original
soil below the fill material is Hallandale fine sand. About
80 percent of the fill material consists of a mixture of
sand, limestone, and shell fragments that range from
sand size to about 3 inches in diameter. The remaining
20 percent is sand.

The Urban land consists of areas covered by
sidewalks, streets, patios, driveways, buildings, and other
construction related to urban use.

The Margate soils have also been modified by
spreading fill material on the surface of the original soil
to an average thickness of about 12 inches, and the
Pompano and Basinger soils have been modified by
spreading fill material on the surface of the original soil.

The determined use of the soils tor the foreseeable
future is urban related.

This complex is not assigned to a capability subclass.

Hm—Hallandale and Margate soils. These are nearly
level, poorly drained soils that have been modified by
grading, shaping, and covering with 8 to 20 inches of fill
material. These alterations were made to provide a base
for construction of homes, streets, and industrial
buildings. Depth to the water table in these soils is
variable and depends on the established drainage in the
area.

Hallandale soil covered by fill material makes up about
45 percent of the total acreage, and Margate soil
covered with fill makes up about 35 percent The
remaining 20 percent is mostly filled ponds, areas of
Pompano soils, and areas of Basinger soils that have

been modified by spreading fill on the surface of the
original soil.

Included with these soils in mapping are small areas of
Urban land.

The fill material on these soils consists of sand, shell
fragments, and limestone fragments. About 80 percent of
the fill is mixed shell and limestone fragments ranging
from sand size to 3 inches in diameter. The average
thickness of the fill on these soils is about 12 inches, but
some areas that originally were the lower areas in the
landscape are covered by as much as 5 feet of fill
material.

Planned use of these soils is for urban development
only. -i

These soils are not assigned to a capability subclass.

The Immokalee series consists of nearly level, poorly
drained soils on broad, low ridges in the eastern pan of
the survey area. These soils formed in unconsolidated
marine sediment. Under natural conditions they have a
water table at a depth ol 10 inches or less for 1 to 4
months in most years, and at a depth of 10 to 40 inches
for most of the rest of the year. In some years these
soils are covered with shallow water tor a tew days.

Typically, the surface layer is dark gray tine sand
about 6 inches thick. The subsurface layer is 34 inches
of fine sand. The upper 14 inches is light gray, and the
lower 20 inches is white. The subsoil extends to a depth
of 80 inches. The upper 22 inches is black fine sand that
is coated with organic matter. The next 3 inches is dark
reddish brown fine sand that has black mottles and is
coated with organic matter. The lower 15 inches is dark
brown fine sand.

Permeability is moderate to moderately rapid in the
subsoil and rapid in all other layers. Available water
capacity is medium to high in the subsoil and very low in
all other layers. Content of organic matter and natural
fertility we low.

Where adequate water control and good management
practices are in use, Immokalee soils are suited to winter
truck crops and improved pasture grasses.

Typical pedon of Immokalee fine sand, 350 feet west
of railroad and 1.25 miles south of Hillsborough
Boulevard, SE1/4NW1/4 sec. 11, T. 48 S., R. 42 E.:

A1— 0 to 6 inches; dark gray (10YR 4/1), rubbed, tine
sand; light gray (10YR 7/1), unrubbed and dry, sand
grains mixed with some organic matter; single
grained; loose; common fine and medium roots;
strongly acid; dear smooth boundary.

A21— 6 to 20 inches; light gray (10YR 7/1) fine sand;
single grained; loose; tew fine and medium roots;
strongly acid; clear smooth boundary.

A22— 20 to 40 inches: white (10YR 8/1) fine sand; few
fine distinct very dark gray (10YR 3/1) streaks along
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Bgura 6.—Typteal vcgttation . Mid nMtv* grami ta an am o» tmmokclM tin* Mod.

streets commonly are excavated below the level of
original land surface and serve as drainageways. The
excavated material is spread over adjacent areas.

included with this complex in mapping are small areas
of Basinger, Immdkalee, Margate, and Pompano soils.
These soils have been altered by having had fill material
up to 20 inches thick spread over the surface of the
original soil. Also included are Arents and Udorthents.

Present land use precludes the use of this map unit
for crops, pasture, or commercial trees. Most of the
Immokalee, limestone substratum, part of this unit is
used for grasses and ornamentals. Adequate surface
drainage, proper watering, and regular applications of
fertilizer are needed for satisfactory plant growth.

This complex is not assigned to a capability subclass.

lu—Immokatoe-Urban land complex. This complex
consists of Immokalee fine sand and Urban land. The
areas of these components are so intermixed or so small
that separation at the scale of mapping is impractical.
Depth to the water table depends on the established
drainage in the area.

About 20 to 45 percent of the complex is open land,
such as towns and vacant lots; and about 40 to 70
percent is Urban land, or areas covered by sidewalks,
streets, patios, driveways, and buildings, where the
natural soil cannot be observed.
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The open land consists of nearly level, poorly drained
Immokalee soils that have been modified in most places
by spreading sandy material on the surface of the soil to
an average thickness of about 12 inches, but ranging
from about 6 to 20 inches. About 10 percent of the
Immokalee soils have not been modified. The original
soil below the nil material is Immokalee fine sand.

Included with this complex in mapping are small areas
of Basinger, Pompano, Margate, and Hallandale soils.
These soils have been modified by spreading fill material
on the surface of the original soil.

About 80 percent of the fill material ori the Immokalee
soils is sand. The rest of the fill material on the
Immokalee soils and most of the fill material on the other
soils consist of a mixture of shell fragments and
limestone fragments ranging from sand size to about 3
inches in diameter.

The determined use of these soils for the foreseeable
future is urban related.

The complex is not assigned to a capability subclass.

Laudertilll Series
The Lauderhill series consists of nearly level, very

poorly drained soils in broad flats in the Everglades.
These soils formed in hydrophylic plant remains mixed
with a small amount of mineral material. Under natural
conditions these soils are covered with water most of the
year. Even where drainage has been improved, water
stands on the surface for 6 to 12 months each year.

Typically, the upper 9 inches is black sapric material,
or muck. Below this, to a depth of about 27 inches, is
dark reddish brown sapric material. Between depths of
27 and 31 inches is dark reddish brown sapric material
that is about 77 percent mineral material, of which 15
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Morphology, Mil. The physical makeup ol the soil.
including the texture, structure, porosity,
consistence, color, and other physical, mineral, and
biological properties of the various horizons, and the
thickness and arrangement of those horizons in the
soil profile.

Mottling, Mil Irregular spots of different colors that vary
in number and size. Mottling generally indicates poor
aeration and impeded drainage. Descriptive terms
are as follows: abundance—tow, common, and
many, size—fine, medium, and coarse, and
contrast—taint, distinct, and prominent. The size
measurements are of the diameter along the
greatest dimension. Fine indicates less than 5
millimeters (about 0.2 inch); medium, from 5 to 15
millimeters (about 0.2 to 0.6 inch); and coarse, more
than 15 millimeters (about 0.6 inch).

Muck. Dark colored, finely divided, well decomposed
organic soil material. (See Sapric soil material.)

Munsell notation. A designation of color by degrees of
the three simple variables—hue, value, and chroma.
For example, a notation of 10YR 6/4 is a color of
10YR hue. value of 6, and chroma of 4.

Neutral soil. A soil having a pH value between 6.6 and
7.3. (See Reaction, soil.)

Nutrient, plant Any element taken in by a plant
essential to its growth. Plant nutrients are mainly
nitrogen, phosphorus, potassium, calcium,
magnesium, sulfur, iron, manganese, copper, boron,
and zinc obtained from the soil and carbon,
hydrogen, and oxygen obtained from the air and
water.

Open apace. A relatively undeveloped green or wooded
area provided mainly within an urban area to
minimize feelings of congested living.

Organic matter. Plant and animal residue in the soil in
various stages of decomposition.

Parent material The unconsoUdated organic and
mineral material in which son forms.

Pedon. The smallest volume that can be called "a soil."
A pedon is three dimensional and large enough to
permit study of all horizons. Its area ranges from
about 10 to 100 square feet (1 square meter to 10
square meters), depending on the variability of the
soil.

Percolation. The downward movement of water through
the sol.

t»em»es*»ty. The quality of the soil that .enables water
to move downward through the profile. Permeability
is measured as the number of inches per hour that
water moves downward through the saturated soil.
Terms describing permeability are:

v*ry«taw——————|————KM than 0.0* inch
,—————0.06 to O2 inch

Rapid...................................................... 6.0 to 20 inches
Very r«ptd................_..............,......mofe then 20 inches

Phase, soil. A subdivision of a soil series based on
features that affect its use and management. For
example, slope, stoniness, and thickness.

pH value. A numerical designation of acidity and
alkalinity in soil. (See Reaction, soil.)

Piping (in tables). Formation of subsurface tunnels or
pipelike cavities by water moving through the soil.

Plasticity Index. The numerical difference between the
liquid limit and the plastic limit; the range of moisture
content within which the soil remains plastic.

Plastic limit The moisture content at which a soil ,
changes from semisolid to plastic.

Ponding. Standing water on soils in closed depressions.
Unless the soits are artificially drained, the water can
be removed only by percolation or
evapotranspiration.

Poorly graded. Refers to a coarse grained soil or soil
material consisting mainly of particles of nearly the
same size. Because there is little difference in size
of the particles, density can be increased only
slightly by compaction.

Poor outlets (in tables). Refers to areas where surface
or subsurface drainage outlets are difficult or
expensive to install.

Productivity, soil. The capability of a soil for producing
a specified plant or sequence of plants under
specific management.

Profile, soil. A vertical section of the soil extending
through all its horizons and into the parent material.

Reaction, soil A measure of acidity or alkalinity of a
soil, expressed in pH values. A soil that tests to pH
7.0 is described as precisely neutral in reaction
because it is neither acid nor alkaline. The degree of
acidity or alkalinity is expressed i

Very strongly add.
Strongly
Medium add.
Skgntry add.,..-..,raeuinii.MM.KH
MMly alkaline_.........
Moderately alkaline.....
Strongly alkaline...........
Very itrongly alkaline..

..below 4.5
.__. 4.5 to 5.0

5.1 » 5.5
..... 5.6 to 6.0

__6.1 to 6.5
..6.6 to 7.3

__7.4 to 7.8
.__7.9 to 8.4
__.8.5 to 9.0
9.1 and higher

ModtfSMyaeN— IDiesAlnchM

Relief. The elevations or inequalities of a land surface,
considered collectively.

Rlppabte. Bedrock or hardpan can be excavated using a
single-tooth ripping attachment mounted on a tractor
with a 200-300 draw bar horsepower rating.

Root zone. The part of the soil that can be penetrated
by plant roots.

Runoff. The precipitation discharged into stream
channels from an area. The water that flows off the
surface of the land without sinking into the soil is
called surface runoff. Water that enters the soil

before rt
water rui

Salty water i
consump

Sand. As a s
tragmeni
diametei
soil textu
sand am

Saprtc soil n
decompt
the least
density,,
of all ora

Seepage (irf
soil. See.

Series, soil.
almost ai
surface I.
soils of b
composit

Shrink-swell.
swelling \
damage >
other stn

Silica. A com
form is c

Silt As a soil
range in
millimete
millimete
percent <

Sinkhole. A >
Hmeston

Slope. The ii
hprizonti
distance
multiplie
drop of

Small atone
inches (
adverse

Soil. A natui
surface,
properti
climate
materia
time.

Soil separa
in equi\
specifk
separa
follows
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TABLE 13.—ENGINEERING INDEX PROPERTIES—Continued

1 1 1 Classification
Map symbol and

Boll na_e

Df»:
Duette ———————

Urban land.
Du«:
Dad e-~ ----- —

Urban land.
Hi-————— — — —
Hallandale

^

Hb»:
Hallandale ————

Urban land.
t

HB* :
Hallandale ————

Margate ——————

Imnokalee

Ir *:
Innokalee —————

Urban land.

; b-Mkalee —————

Urban land.

1 Depth 1 USDA texture I
1 1 Unified
1 1

In 1 ]
~~ 1 1

1 1
0-3 ISand ———————— ISP
3-66 IPlne sand, sand ISP

66-80 IPlne sand. Band ISF, SF-SM
1 . 1
1 1
1 1
1 1

0-27 IPlne sand —————— ISP, SP-SM
27 -35 IPlne sand, Band ISP, SP-SM

35 (Weathered bedrock 1 ——
1 1
1 1
1 1

AASHTO

A-3
A-3
A-3,

A-2-4

A-3
A-3

0-4 IPlne sand —————— ISP, SP-SM IA-3
4-1 01 Pine Band, sand ISF, SP-SM U-3

10-1 4 IPlne aand, sand ISF, SP-SM IA-3
14-1 6 IPlne aand, sand ISF, SP-SM U-3

16 (Weathered bed rock 1 ——
1 1
1 1

——

0-4 IPlne Band —————— ISF, SP-SM U-3
4 -10 IPlne Band, Band ISP, SP-SM U-3

10-1 4 IPlne Band, sand ISP, SP-SM IA-3
14-1 6 IPlne aand, sand ISP, SP-SM IA-3
16 (Weathered bedrock! ——

1 1
1 1
1 1
1 1

___

0-4 IPlne Band —————— ISP, SP-SM (A-3
4-1 01 Pine aand, Band ISP, SP-SM I A-3

10-1 4 IPlne aand, Band ISP, SP-SM I A-3
14-16 IPlne sand, sand ISF, SP-SM IA-3

16 (Weathered bedrock 1 ——
1 1

_—

0-8 IPlne Band ————— ISP, SP-SM IA-3
8-1 6 IPlne aand, sand ISF, SF-SM IA-3

16-28 IPlne sand, aand ISF, SP-SM IA-3
28-32 (Variable —————— 1 ——

32 lUnweathered 1 ——
1 bedrock. 1
1 1

__.
___

0-6 IPlne aand ————— ISF, SP-SM U-3
6-4 01 Fine aand, sand ISP, SP-SM U-3

40-65IPlne aand, sand ISP-SK, SM U-3,
1 1 1 A-2-4

65-80 IPlne sand. Band ISP, SP-SM IA-3
1 1
1 1 1

0-5 IPlne sand —————— ISP, SP-SM IA-3
5-»8ISand, fine sand ISF, SP-SM IA-3

48-58 ISand, fine sand 1 SP-SM, SM IA-3,
| |

58 (Weathered bedrock 1 ——
1 1 1
1 1 !
1 1

1 !0-6 IFine aan« —— i —— ISF, SP-SM 1
6-3»l-lne an*, MM ISF, SF-SM 1

3 5-5* IPlne .and. •ajnd ISP-SK, SM 1| j

A-2-4

A-3
A-3
A-3,

A-2-4
54-72 IPlne Band, Band ISP, SP-SM U-3

1 1
1 1
1 1 1

IPrag-
l-ents

> 3
(Inches

Pet™~" "— '

0
0
0

0
0

——

0
0
0
0

_, _

0
0
0
0

0
0
0
0

___

0
0
0

__—
__ T

0
0
0

0

0
0
0

.---

0
0
0

0

Percentage passing
sieve nunber—

4

100
100
100

100
100
_, _

100
100
100
100
— __

100
100
100
100

100
100
100
100

100
100
100
— __
———

100
100
100

100

100
100
100

__—

100
100
100

100

10

100
100
100

100
100
——

1
40 1 200

I

60-1001 1-4
60-1001 1-4
60-1001 4-12

89-1001 1-6
90-1001 2-8

100 190-1 00 J 2-6
100 190-1001 2-6
100 190-1001 2-6
100 190-1001 2-6
__— _—— _— —

t

I

100 190-1001 2-6
100 190-1001 2-6
100 190-1001 2-6
100 190-1001 2-6

———— - _-..

100 190-1 00 j 2-6
100 190-1001 2-6
100 190-1001 2-6
100 190-1001 2-6

.— - | ...

100 193-1001 2-8
100 193-1001 2-8
100 193-1001 2-8
——

!

_____ I _.__

,,_ ,. ...

t

1.
100 170-1001 2-10
100 170-1001 2-10
100 170-1001 5-21

100 170-1 00 i 2-10
I

1

100 185-99 i 2-10
100 185-99 2-10
100 180-99 5-15

— — _ 1
1
1

1

100 (70-1001 2-10
100 170-1001 2-10
100 170-1001 5-21

| 1

100 1 70-100 i 2-10

[Liquid
limit

Pet

in..._.

—______,. _
«»______-._...._____
.*»...—_____...

^^^..._____...
——_,__...____
______.— _

......____
-n-r-.

.

——

_,__

Plas-
ticity
index

NP
NP
NP

NP
NP

NP
NP
NP
NP

NP
NP
NP
NP

NP
NF
NP
NP

NP
NP
NP

NP
NP
NP

NP

NP
NP
NP

...

NP
NP
NP

NP

See footnote at end of table.

BrowardCoi

Map symbo:
nair

La———______
Lauderhlll

Ma———___
Margate

Mu<:
Margate——

Urban land.
Ok—————
Okeelanta

Urban land.

Palm Beach"

Pe, Pf——
Pennauco

Plantation
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TABLE 11.—PHYSICAL AND CHEMICAL PROPERTIES OF THE SOILS—Continued

1
Hap symbol and I Depth) Clay Hoist

aoll name 1 bulk
densltv

In

Hb«:
Hallandale ———— 0-4

4-10
10-14
14-16
16

Urban land.

Hm«:
Hallandale ———— 0-4

4-10
10-14
14-16

16

Hargate ——————— 0-8
8-16

16-28
28-32

Inmokalee 6-40
40-65
65-80

5-48
48-58
58

Urban land.

!_•: I
Inaokal** ———— 0-6 1

6-35 1
85-5*1
5«-72l

Urban land.

Lauderhlll 31 1

Ha ——————————— 0-8 |
Hargate 8-161

16-281
28-321

32 |
Hu»: |

Hargate —————— 0-8 I
8-161

16-281
28-321

32 I
1

Urban land. |
Q ^ W _ _ _ ^ 0—4 0 1
Okeelanta 40-601

'1
Pa ——————————— 0-26 1
Paola 126-831

1

Pet 0/eic-

<3 (1.35-1.45
<3 11.50-1.60
<3 (1.50-1.60
<5 11.50-1.60

<3 (1.35-1.45
<3 (1.50-1.60
<3 1.50-1.60
<5 1.50-1.60

1-4 (1.25-1.45
0-4 (1.55-1.65
1-4 (1.55-1.65
3-10(1.55-1.65

'
1-5 (1.20-1.50
1-5 (1.45-1.70
2-7 11.30-1.60
1-5 (1.40-1.60

1-5 1.20-1.50
1-5 (1.40-1.70
2-7 (1.30-1.60

1-5 1.20-1.50
1-5 (1.45-1.70
2-7 11.30-1.60
1-5 11.40-1.60

—— (0.15-0.35

1-4 (1.25-1.45
0-4 (1.55-1.65
1-4 ll.55-l.65
3-10(1.55-1.65

1-4 (1.25-1.45
0-4 1.55-1.651
1-4 1.55-1.65i
3-10(1.55-1.65

—— (0.22-0.38
1-5 (1.30-1.55
<2 ll.45-l-.60
<3 (1.45-1.6.01

blllty
in/hr

6.0-20
6.0-20
0.6-6.0
6.0-20

6.0-20
6.0-20
0.6-6.0
6.0-20

6.0-20
6.0-20
6.0-20
6.0-20

6.0-20
6.0-20
0.6-2.0
6.0-20

>6.0
>6.0

0.6-6.0

6.0-80
6.0-10
0.6-2.0
6.0-20

6.0-20

6.0-20
6.0-20 I
6.0-20
6.0-20

6.0-20
6.0-20
6.0-20
6.0-20

——

6.0-20
6.0-20

>20
>20

Available! Reaction
water

capacity
In/In i £H

0.05-0.11(5.1-6.5
0.03-0.0816.1-6.5
0.03-0.0815.6-8.4
0.05-0.10(6.6-6.4

0.05-0.11(5.1-6.5
0.03-0.08(6.1-6.5
0.03-0.0815.6-8.4
0.05-0.10 6.6-8.4

0.05-0.10 4.5-6.0
0.03-0.06(5.1-6.5
0.03-0.06)6.1-7.8
0.03-0.10(7.4-8.4

0.05-0.10 3.6-6.0
0.02-0.0513.6-6.0
0.10-0.25(3.6-6.0
0.02-0.05(3.6-6.0

0.05-0.10(5.1-7.8
0.02-0.0515.1-7.8
0.10-0.2515.1-7.8

1

0.05-0.10)3.6-6.0
0.02-0.0513.6-6.0
0.10-0.2513.6-6.0
0.02-0.0513.6-6.0

0.20-0.30)5.6-7.8

0.05-0.10)4.5-6.0
0.03-0.06 5.1-6.5
0.03-0.06)6.1-7.8
0.03-0.1017.1-8.4

0.05-0.10)4.5-6.0
0.03-0.06)5.1-6.5
0.03-0.06)6.1-7.8
0.03-0.10)7.4-8.4

0.20-0.30(4.5-6.5
0.05-0.10(5.1-7.8

0.02-0.0514.5-7.3
0.02-0.05)4.5-7.3

Eros Ion | Wind
Salinity! Shrink- factors lerodl-l Organic

Mnhos/cm

<2
<2
<2
<2

<2
<2
<2
<2

<2
<2
<2
<2

<2
<2
<2
<2

<2
<2

<2
<2
<2
<2

<2

<2
<2
<2
<2

<2
<2
<2
<2

<2
<2

<2
<2 1

swell | blllty
potential K T Rroup.

Low ————— (0.101 2 2
Low ————— j 0.10|
Low ————— (0.101
Low ————— 10.10|

Low ————— 0.10 2 2
Low ————— 0.10|
Low ————— 0.10|
Low ————— I 0.10|

Low ————— 0.101 3 2
Low ————— I 0.10
Low ————— (0.10
Low ————— (0.171

Low ————— (0.101 5 2
Low ————— (0.101
Low ————— (0.151
Low ————— | 0.10|

Low ————— | 0.10|
Low ————— 0.15

Low ————— (0.10
Low ————— (0.15
Low ————— (0.101

Low ————— )0.10| 3 2
Low ————— (0.101
Low ————— (0.101
Low ————— 1 0.17(

Low ————— (0.101 3 2
Low ————— (0.101

Low ————— 10.17|

Low— __—_—_ _—— — __ 2
Low ————— 10.15|

Low ————— (0.10 5 1
Low ————— 0.10

natter

Pel

2-5

2-5

1-4

1-2

1-2

1-2

>55

1-4

1-4

>60

f-
?

I
Pc_————

Pain bet

Pe-___-
Pennsucc

Pf_____
Pennsucc

Pm--_——
Plantatl

Po______
Pomello

Perrlne

I sa————•
Sanlbel

St—————•
St. Lucl

Terra Ce

Udorthen

Udorthen-

Urban la:

Udorther

See footnote at end of table.



TABLE 15.—SOIL AND WATER FEATURES—Continued

1
Map symbol and (Hydrologlc

soil name group

Hm*>:

Immokalee

Ir":

Urban land.

!«*»!

Urban land.

La ————————————
Lauderhlll

Margate

Hu":

Urban land.

Okeelanta

Pa ————————
Paola

Pb":
Paola ———————————

Urban land.

Palm Beach

Pennsuco
pr _—_———————————

Pcnnsuco

Pm —————————————
Plantation

B/D

B/D

B/D

B/D

B/D

B/D

B/D

B/D

B/D

A

A

A

D

D

B/D

Flooding
1

Frequency 1 Duration

1

None — —— ——

None ——— ———

None —— ———

None —— ———

IfrinA .. .

•I-. __

None ———— —

None ——— ———

None ———— ——

None ——————

None — — ———

PI

——

——

——

——

_

——

Long ————

1

Months

"

Jan- Dee
1
1

~

HlRh water table
1 1

Depth* I Kind (Months
1 Im — i ——— ——

0-1.0

+1-1.0

0-1.0

0-1.0

0-1.0

+1-1.0

+1-1.0

+1-1.0

+ 1-0

>6.0

>6.0

>6.0

0-1.0

0-1.0

+1-1.0

Apparent

Apparent

Apparent

Apparent

Apparent

Apparent

Apparent

Apparent

Apparent

Apparent

Apparent

Apparent

Jun-Hov

Jun-Feb

Jun-Nov

Jun-Nov

Jun-Nov

Jun-Feb

Jun-Feb

Jun-Feb

Jun-Jan

Jun-Hov

Jan- Dec

Jun-Nov

Bedrock
depth

In
7-20

20-10

>60

10-72

>60

20-10

20-10

20-10

>60

>60

>60

>60

10-72

10-72

20-10

Initial
subsi-
dence

1 In 1

——

——

——

——

——

1-8

16-20

1-8

Risk or corrosion
1

Uncoated
steel

High —— —

High —— —

High ———

High ———

High ————

High .....

High — ——

High —— —

High ———

Low —— ——

Low ————

Low — ———

High ————

High ————

High ———

Concrete

Low.

Moderate.

High.

Moderate.

High.

Moderate.

Moderate.

Moderate.

Moderate.

High.

High.

Low.

Low.

Low.

Moderate.

See footnotes at end of table.

TABLE 15.-- SOIL AMD WATER FEATURES—Continued
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UNITED STATES DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE BROWARD COUNTY 1

SOIL LEGEND

SYMBOL

Ba
Be
Ba

Ot
M
Ot
Du

to
Ir
In

NAME
Arant»Urban land comoltx
Aranti, onvnw wbKn»uiMJriM« tend oompiw

BHingv fim twid
BoafiMJMd

C«ntv>ral-Urb«n IMM convuii

OKM-UrbM Und ewnam

KMUmtolt <im and
HMIwidito-UrtMn ind oamiln
HilUndil* »nd Margin will

ImtnekiiM lint and
Immolum, linimoiM •bmilum Ullxn land cornel**

UwMrhUt muck

Pa
Pb
P«
Pa
Pf
Pm
Po

Pi
Pu

Sa
St

Te

Ud
Dm
On

Margin-Urban land campln

Okaatama muck

Paala lint and
P»ol«-UrD»n land conwln
Mm Baacntand
Pannauca Mtv day loam
PannwcD liltv day Mam, tidal
Plancatien muck
PomallofinaaHid
Pompano Hnt sand
Parrina liltv day loam
Palm aaach-Urban land oompku
Parrina Variant >ilt loam

San** muck
St. Lura f ina land

Tarn Caia muck, tidal

Udortnann
Udorffiann. manV wbnraium-Urban land complai

UdorMMntfUrban land compltn
Urban Una

GUI
BOUNOA

Nitioni

County

Minor c

RtMrva
SUM
and

LAND On
(MCtior

ROADS

Divided
i* ici

Otlwr re

Tr»il

ROAD E!

Intarsl

FMaral

Statt

County

RAILRi

POWER Til
(normal)

PIPE LING
(normlf

FENCE
(norn

LEVEES

w.tnoul1

With n

With rai

DAMS

Larga (I

Madiurr

PITS

I

Mine or
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Mfcrence 19

PWS014 2 4 0 7 3 S JC0902 02 DRINKING WATER P.40GR4K
"LATITUDE/LO^ITUOe R A N G £ LCOK

TYPt OIiPLA»C3: PLANT, SOURCE A.NO W£LL
LATITOSb LONGITUDE P^S-ID ?LT SRC WELL RAILING NAMc

24:06:00 J0:07:1C
2i:07:O.J j O : o f : 3 C

2>:u7 :oJ iu:L, ;: )C
26:07:00 iO:OJ:30
26 :07 :CO 30 :03 :00

<.csi6o: ci PORT EVErftLAiES AUTHORITY
4 5 0 C J 5 1 C2 001 OC01 O c L R A Y J E A C H - A T E * i E ? A > » T 1E NT
45'JG351 CI 001 3C.J1 O E L f t A Y 3 E A C H W A T E R 3 £ ' A » T X t N T
4500351 C 2 O E L R A Y B E A C H W A T E R O E P A 3 T 1 E N T
45J0351 C 2 0 0 1 O c L R A Y 3 £ A C H W A T E S J E P A S T ^ E N T
4500351 0 1 D E L R A Y ^EACr i W A T E S

12/04/J*
15:21:15

ST/TP/SK

HOlJE D A T A ON FILE? NO
P«SOU 26C733 3C09J2 OJ

SCREEN ACTION
DRINKING W A T E R PROGRAM'

"LATITUDE/LONGITUDE RANGE LOOK UP
TYPt OliPLAYtU: PLANT, SOURCE AND WELL
LATITUDE LONGITUDE PwS-IO r"LT SHC WELL MAILING

26:05
26:u5
26:06
•io: 04
'26:07
26:07
26:07
26:07
26:07
26:10
26: 10

:3i
:ij
;OJ
: 1 i
:0 j
:00
:00
:00
: uu
:UO
:C.;

30:
iO:
iO:
iC:
JO:
dO:
30:
(JO:
<JG:
iO:
30:

12:
12:
C /:
12:
C 3 :
C6:
Cd:
03:
Ot>:
10:
10:

o;
02
10
OC
JC
00
oc
oc
00
jC
10

4CS144-.
4 C 6 1 4 4 4
4 C 5 1 6 0 3
4041 >25
450C351
4500351
4 5 3 0 3 5 1
4500351
4500551
4C50103
4 C > C 1 6 3

CI
CI
CI
C1
C2
CI
C2
C2
CI
01
C1

OC1

001
OC1
301

001

001
001

OC01
0001

0001

T E X A C O 3ESVICH
T E X A C O S E R V I C E S T A T I O N
P O R T E V E R G L A D E S A U T H O P I T Y
F O R T L A U O E R O A L E , C I T Y O F
OeLRAY 3EACH W A T E R OEPA^TIENT
O E L R A Y H E A C H W A T E R O E ^ A R T ^ E N T
O E L R A Y 3 E A C H W A T E R O E ? A R T « £ N T
0 6 L 8 A Y dEACH W A T E R D E P A R T M E N T
O E L R A Y 2£»CH W A T E S
E i R O w A - t C CO - M,
O R O « A . R O C 3 - If

12/04/^9
15:21:38

ST/T'/R1!

t DATA FILE? NC SCREEN ACTIOf)



PUS002 4G616J3 DRINKING bATSR PROGRAM 12/04/?i*
SYSTEM I'jVENTOiJY INFORMATION PART > 15:23:43

LAST UPDATED: 12/il/jf
ilAILINu ,4AM£: POST £V£ft£LA9c$ AUTHORITY ACTIVE NDNTRANJ

RET PuP SERVED: 3,937 3ACT SAMPLES REC'O; 4
DESIGN CAP: 6,444,000 (GPO) RADS SAMPLES REG'0:

HAJCHUK DAY: __3_1 t 7s9,ClC (GPC) RAOS SAMPLES F3EJY: 333- (MONTHS)
Z OiilG'* CAP: *T,2 TTHK SAMPLES RECl'O: 333"

AVG PrtJiUCTIJN,: 916,000 (3PD) TTHM SAMPLES FSE'iY:
MAXIMUM/HOUR: _ _ (G) SERVICE COfcNECTIONS:

TOT STORAGE CAP: 3333111111111 <G) NUMBER McTERED:
HETEii CAP: 3" " 3_ TYPE 3F MiTER:

„ C O N S E C INDIC: 3 =
SERVICE ArtEA CHAi<ACT = RISTICL :

PRIMARY: RO - rtETAIL/GENEPAL MERCH TOTAL # OF PLANTS: 1
SECONDARY: MA = MASINA TOTAL ft OF SOURCES: 1

PLANT: 1 LATITUDE: 26:06:30 LONSITUOE: 30:C7:10
PRlflA?Y S3USCS: 1 LATITUDE: 26:13:35 LONtUTUJf: 30:0?: !6

SCREEN ACTION
PUS001 4061603 DRINKING HATER PROuRAM* 12/04/39

SYSTEM INVENTORY INFORMATION PART 1 15:24:07
LAST UPDATED:

STATUS: A - A C T I V E S £ - A C T I V A T I O N OT: / /
3EGIN DT: 02/ ?i IN A C T DT: / J INACT R E A S O N : = 77. ."..................
P*S TYPE: P = NONTRANS NONC~CATcT/CLASS: 50 REG 3Y: 0 (C=OER OR H=HRS)
NC S£ASu:< JES: 01/ 01 END: 12/ 31 NUCLEAR FACIL: _ (REACTOR, WASTE OR OTHJR)

MAILIN* NAME:.POST_£ VE RriL AO ES_AUTHO,R I TY___ GENERAL KAIL: Y (Y OR N)
AODSESS: )5.0._30X_1i1 ;c _"_ _ PHONE: ( 3C5 ) 52> - 34'J4

CITY: PORT_EVE*GLAOES____ STATE~FL ZIP CODE: 23316 -

OWNER NAME: ?OST_EVERGLAD£S AUTHORITY GENERAL KAIL: Y (Y OR N)
ADC/itSS: ^.'J.^OX_13136__3__._____33333 PHONE: ( 305 ) 52; - 34)4

CITY: PurtT.EVERGLADtS STATE: FL IIP CODE: 33316 -

DATE OF VISIT: _/ _/ _ CLASS: _ t»RIOR VISIT: / _ / _ PfilOS CLASS:
PERSON CONTACTED: ROjERT_P._CLAPp73oIR._OF_tNG._ "TITLE:
CONTACT PHONE: ( 305 ) 523 - 3404 ~ ~ S A N I T A S Y SUPVEY: 7 ~~l
CREATE H I S T O R Y OF ,1A IL ING/ OWNE H ?

"SCREES ACTION
PWS004 4061603 01 001 DRINKING WATER PROGRAM 12/C4/J9

SOURCE INFORMATION 15:24:2e
L A S T U P D A T E D : Oc/?7/ i4

•1AILIN(j NAME: POKT E V £ R 5 L A D ' - S A U T H O R I T Y A C T I V E N O N T « A M S NONC
PLANT ;jA.i£.: poar EVERGLADES AUTHORITY ACTIVE PLANT lu^erR: 1

SOU3CE NAIf: FT._LAUOcRDAL£_FIVEASH_PLANT__
SOURCE XU*SEt>: J01 SOURCE STATUS:"? = ACTIVE

LATITUDE: it> : 10 : 35 LONGITUDE: »3 : 09 : 3 •>

} • "> • •) * lv » T



SCU8CE TrFE: P = PURCHASED
Nli,13ER OF W E L L S :* —--

S U R F A C E , I D E N T I F Y SOURCE: ________________________

1JO PUR C H A S E D GROUND, PWS ID: 4060486 _ NAME: FORT L A U O E R D A L E , C I T Y OF

PURCHASED SURFACE, PUS ID: ______ _ NAME: .........................

LAST R E C O R D SISPLAYE3 SCREEN ACTION:
PWSU02 4jOD351 DRINKING WATER PRO'lPAK " 12/C4/39

SYSTEM I N V E N T O R Y I N F O R M A T I O N PART 2 15:25:J4
LAST UPDATED: 12/04/39

MAILING NAME: OILRAY BEACH W A T E R DEPARTMENT A C T I V £ C O M M U N I T Y

RET PJP SER^FC: _ _*4,271 3ACT SAMPLES f»£3'D: 11
' OtSIG.N CAP: __~20,4CO,0JC (GPO) SADS SAMPLeS Ri.iJ'0: __1

M A X I M U M DAY: _ _16,2?8,OJC (GPO) RADS SAMPLES FffE'JY: "~42 (MONTHS)
Z DESIGN CAP: 79.8 TTHM SAMPLES RcO'D: ~~4

AVG PRODUCTION: 12,000,000 (GPO) TTHM SAMPLES F9EJY: "~_90 (MONTHS)
HAXIMj.l/HOud: __________ (5) SERVICE CONNECTIONS: I"l7,OCD

TOT STOhAut CAP: ___67l^5,C01 (G) «UM9iR PETERED: "~1?,3Q1
MtTcK CAP: "~^_____________ TYPE OF fETER; "_~______

CQttS£C IHDIC: Q _ SCT 'CONSECUTIVE
S E R V I C E A R E A C H A R A C T E R I S T I C S :

PRIMARY: «c = MUNICIPAL/CITY TOTAL # OF PLANTS: 2
3ECONOAKY: __ - ......................... TOTAL # OF SOURCES: 2

P R I M A R Y PLANT: 1 LATITUDE:_26:C7:00 LONGITUDE: 30:08:00
P R I M A R Y SOURCE: 1 LATITUDE: 26:27:00 LONGITUDE: 30:05:30

SCREEN ACTION
PtfSOOl 4iCT3S1 DRINKISG U A T E R PROGRAM" 12/C4/J9

SYiTEM INVENTORY INFOR.1ATIO^ PART 1 15:25:2t
LAST UPDATED: 12/04/59

STATUS: A = ACTIVE RE-ACTIVATION DT: / _ /
9E«IN OT: 027 7d INACT DT: / _/ INACT SEASON: = ". ..77..................
PWS TYPt: C = C O M M U N I T Y ~CA TG7/CLAS S: 1A ^EG c»Y: D (0 = D€R Of? H = HRS)
NC ScAiON JEG: 01/ 01 END: 127 31 NUCLEAR FACIL: _ (REACTOR, WASTE OR O T H - R )

MAILING NAME: D E L R A Y _ B E A C H _ W A T E R _ D E P A R T M E N T _ GENERAL MAIL: Y (Y OR N)
ADDRESS: 100_N.*._1_AVENUE____ _ ~ PHONE: ( 407 ) ?7S - 7317

CITY: 0£LRAY_erACH______"~S?A?I7~FL ZIP COOH: 3J444 -

O W N E R NAME: <OaERT_PONTE<,_UTIL..DIRECTOR G E N E R A L MAIL: Y (Y OR N)
ADDRESS: 200_S.U._6_STRl£T___________ PHONE: ( 407 ) 276 - 4911

CITY: D£LRAY_BEACH____~~~"sTATlT~FL ZIP C00£: 33444 -
O W N E R TYPE: M = M U N I C I P A L I T Y

DATE OF VISIT: 097 27/ 2» CLASS: 01 P R I O R VISIT: 11/ C'37 £i P R I O * C L A S S : 01
PERSON C O N T A C T E D : CAL_JONHSO.N_ _ _ TlfLi: P L A N T M A N A G E R
CONTACT PHONe: ( 407 ) 278 - 234? SAfilTASY S U R V E Y : 11/ CS/ 83
CREATE HISTORY OF MAIL ING/OUNE* ?

"SCREEN ACTION
PWS002 4C41925 DRINKING UATER PROGRAM" 12/04/J9

SYSTEM INVENTORY INFORMATION PART 2 15:2^:37
LAST U°DATfO: 12/29/JS

BAILING NAME: DAVIE (HACIENDA VILLAGE) ACTIVE C O M M U N I T Y

RET POP S£R»/£0: _____120 , 9ACT SAMPLES REO'D: __2
OtilG'J CAP: _ _ _ _ _ _ _ _ (GPO) 3AOS SAMPLES REQ'D:



• • MAXIrtiM/hiUH: ____________ (3) SCRVUfc C JI.'IECI I CNS : _ .__._11<J
TOT S T j R A o t C A P : _H3_____I t u ) NU.lfcfa f c E T c R E D : _____„_

« E T E R C A H : II"II"_"~____. T Y P E OF P E T E R : _____~_~
. CONSEC 1NDK: 3 = ^ACT^RIA'

S E R V I C E AnEA C H A R A C T E R I S T I C S :

PRIMARY: SO = SUBDIVISION TOTAL * OF PLANTS: 1
SECONDARY: R3 = D E T A I L / G E N E R A L M E R C H TOTAL « OF SOURCES: 1

P R I M A R Y PLANT: 1 L A T I T U D E : 26:10:35 L O N G I T U D E : 9C:C9::<
PRI.1ASY S O U R C E : 1 LA T I T U D E : 2t:C6:15 LONGITUDE: JC:12:QD

SCREEN A C T I O N _ T R A N S M I T HErtE ==>
PWS001 4J61925 DR I N K I N G W A T E R P R O G R A M 1 2 / 0 4 / 3 9

SYSTEW INVENTORY INFORMATION PART 1 15:27:03
L A S T U ? O A T r D : 12/29/3*-

STATUS: A = ACTIVE HE-ACTIVATION DT: / /
BEGIN OT: 02/ 7£ I N A C T DT: _/ _/ _ I N A C T R E A SON: _ = ........................
PUS TYPE: C = C O M M U N I T Y CATcZ/CLASS: 4D REG 3Y: 0 (D=DER CR H=HRS)
NC SfcA3g;< aES^ _/ _ ENO: __/ _ NUCLEAR FACIL: _ (REACTOR, WASTE OR OTHER)

H A I L I N G NAME: D A V I S ( H ACIENDA VILLAGE) GENERAL KAIL: Y (Y OR ft)
ADDRESS: 4591 SJ 45TH STREET__ _"__II PHONE: ( 305 ) 534 - 0576

CITY: DAVIE_I__~____"STATE! FL ZIP CODE: 33314 - __
O W N E R NAMt: T O W N OF D A V I E _ _ _ G E N E R A L M A I L S Y (Y OR N)

A i > O K c S S : o59lIs^45TH_STft££T""3IZI"" PrtONE: ( 3C5 ) 5?4 - 0576
CITY: 3Avii__I__~____"STATE: FL ZIP CODC: 33314 - __

OUNEK TYPE: « = MUNICIPALITY
DATE OF VISIT: _/ _/ _ CLASS: _ PRIOR VISIT: _/ _/ _ PRI01 CLASS:
PERSON CONTACTED! ."__"____"________ "TITLE: "____.____~~_
C O N T A C T PHONE: ( 305~7~554~-"ol76 S A N I T A R Y S J d V E Y : "/~I/~I"
ChcATt H ISTORY OF HAILINi /OWNER ?1 "SCREEN ACTION
PWS004 4061925 01 001 DRINKING WATER PROGRAK 12/04/39

SOURCE INFORMATION 15:27:30
LAST U°DAT£0: 07/25/39

nAILINu N A M E : OAVIfc (HACIESOA VILLAGE) A C T I V c C O ^ K U N I T Y
PLANT NAME: DAVIE (HACIENDA VILLAGE) A C T I V E P L A N T NU.",6£R: 1

SOURCE NAME: OAVIE(HACIENDA)/PEELE/DIXIE
SOURCE NUMBER: OC1 SOURCE STATUS!~A = A C T I V E

LATITUDE: 26 : C6 : 15 LONGITUDf.: £0 : 12 : 00

SOURCt A V A I L A B I L I T Y : P = P E R M A N E N T
SOURCE AVG PRODUCTION: ___12,000,000 (GPD) t OF SYST?,I PRODUCTION: 1CJ

ANN X SOURCE TYPE: P a PURCHASED
G R O U N D , NU.1BER OF WELLS:

S U R F A C E , I D E N T I F Y SOURCE: ___________________________

100 P U R C H A S c D GROUND, PWS ID: 40604J6 _ NAME: FORT L A U D E R D A L E , CITY OF

PUSCHAS£D S U R F A C E , PJS ID: ______ _ NAME: ..............................
r

LAST S ^ C O R O D l i F L A Y E D S C R E E N A C T I O N :
PWS002 406J163 DRINKING kATER PROGRAM 12/04/^9

f SYSTEM I N V E N T O R Y I N F O R M A T I O N PART I 15:27:53
LAST Uf>OHT;.D: OS/03/59

HAILING NA^E: .3ROW»ftD CO - M A C T I V E COMMUNITY



* O A T : __2,
X Oc.IGN CAP: 120.C

AVG PRODUCTION: 43C.OOC (JPO)
MAXIMUM/HOUR: ___________ (3)

TOT S T u R A t i CAP: ____630,000 CC5>
ClETtR CAP: ~ _ _ _ _ _ _ _.

SA*?LiS MtJY: _ _ 4 c (!
TTHM SAH^LcS R = Q * D : _1
TTHM SAKPLCS FSE3Y: "_90 (HONTHS)

ScRVICE CONNECTIONS: ___4,12?
NUM3?R MiTtRED: ___4,127
TYPE OF KETER: ."__________.

CONSEC INDIC: 0 = NOT'CONSICUTTVE
SERVICE A R c A C H A R A C T E R I S T I C S :

PRIMARY: MC = ".UNICIPAL/CITY
S E C O ^ O A f t t : _ - ...............

PRIMARY PLANT:
P R I M A R Y SOUrtCE:

PWSOQ1 4060168

1 LATITUDE: __:_:__
1 LATITUDE: 26:10:00

TOTAL 4 OF PLANTS:
TOTAL B OF SOURCES:

LONGITUDE: _:__:_
LONGITUDE: 1C:10:SO

SCREEN ACTION
DRINKING W A T E R P R O G R A M

SYSTEK INVENTORY INFORMATION PART 1
LAST UPDXTcD:

12/D4/iV
15:23:18
09/08/39

STATUS
BEGIN CT
P_S TYPt

A * ACTIVE JE-ACTIVATION OT: __/ __/ __
02/ 7K INACT OT: _/ _/ __ INACT SEASON: _ = ..............
C = C O M M U N I T Y "CATGT/CLASS: Id »EG 6Y: 0 (0=C£R OR H=H«S)

NC SEASON QEG: _/ _ END: _/ _ NUCLEAR FACIL: _ (REACTOB, W A S T E OR OTHcR)

MAILING NAME: 3 R O W A R O _ C O _ - _ 1 B _ _ _ _ _ _ _ _ _ _ _ _ _ _
S: CO £OX_6190C2________

CITY: PO^PANO_3EACH~__I__ STATE: FL

GENERAL MAIL: Y (Y OR N>
PHONE: ( 105 ) 772 - i2J3
ZIP COOS: 35061 - 9002

OUNEi) NAME: 8 R O W A R O CO ENVIRONMENTAL SVCS GENERAL MAIL: Y (Y OR N)
ADDRESS: 300 U.wl 66_STREET_______ __ PHONE: ( 505 ) '71 - 6220

CITY: FT.~LA_olR3ALE______~STAfE:~FL ZIP CODE: 33301 - ___
TYPE: » ^"MUNICIPALITY

DATE OF VISIT: 0£/ 23/ 6? CLASS: 01 PRIOR VISIT: 04/ 25/ 6? PRIOR CLASS: 01
PERSON CONTACTED: MR. S.L. SPRAOLING,DIRECTOR^ TITLE:
CONTACT PHONE: ( 305 ) 971~- 6220 SANITARY SURVEY: 07/ 20/ 87
CREATE HISTORY OF MA1LING/0-NER ?

SCREEN ACTION
PWS004 4060168 01 001 DRINKING WATER PRO.RAM 1

SOURCE I N F O R M A T I O N 15:2^:^4
LAST UPDU5D: Ois/25/ib

MAILING ,4AME: 3ROUARO CO - 19 ACTIVE COMMUNITY
PLANT NAME: dftOhARO CO - 19 A C T I V E PLANT NU'tB'Cft: 1

SOURCE M*«Es 3ROhARD_CO_-_13_WELLFi;LO____
SOURCE NUMBER: 001 - - - SO(JRCE STATUS: A = ACTIVE

LATITUDE: 26 : 1U : 00 LONGITUDE eO : 10 : 00

SOURCE AVAILA3ILITY: P = P E R M A N E N T
SOUHCc AUG PRODUCTION: _____420,OOJ IGPD) X 3F SYSTE"! PRODUCTION: ICO

< A N M X SOURCE TYPE: G = GROUND
' ' 100 GROUND, NUMBER OF <iELLS: _7

SURFACE, IDENTIFY SOURCE: _________________________

T __ P U R C H A S E D GROUND, PJS ID: ______ _ N A M E : ..............................

PURCHASED SURFACE, PWS ID: NAME: ..............................r
LAST RtCORD DISPLAYED SCREEN ACTION:



June 29, 1987

Reference 20

FORT LAUDERDALE
FLORIDA

P. O. DRAWER 14150 * 31M2

Mr. Jim McCarthy
State of Florida
Department of Environmental
Regulation

Bureau of Operations
2600 Blair Stone Road
Tallahassee, FL 32301

REF: PROJECT 8343 - Groundwater Studies and Water Use Permit

Dear Mr. McCarthy:

I am enclosing, at your request, one copy of drawing file #4-95-16
sheet 1, and #4-78-46 sheets 1 and 4, that show the location of the
City's Raw Water Supply Wells at the Fiveash and Peele/Dixie Well-
fields.

Sincerely,

CITY OF FORT LAUDERDALE

Henry Hattfem, P.E.
Engineer III

HH/8225U

Enclosure

cc: A. J. Dilione, P.E., Acting City Engineer
F. Coulter, P.E., Deputy Utilities Director
C. Petrone, Fiveash Treatment Plant Supervisor

1987

BUREAU QF
OPERATIONS



CONVERSATION RECORD

To: File File Rame: Btoward County Well*

From: Brian M. ttoore S*'' Contact Person: Mr. Carl Sholenburger

Date: 6/31/86__________ Phone No.: (305) 492-7845

Time: 11:30 A.M._________ Subject: Executive Prospect Wellfields

Status aa of 12/87 of wells in the Executive Ft. Lauderdale vellfield.

Well #1 - Offline, isolated irrigation (sprinkling)
#2 6 3 - Emergency only
#4 & 5 - Closed
#6 - Emergency only
#7 - Sprinkling at the stadium
#b,9 & 10 - Emergency only

- Emergency only
- Irrigation
- Cloaed

#14 - Emergency only
k 23 - Closed

All other veils through nev Well #49 should be pumping.

UM/tnlr



Well

PROSPECT VEIL CONSTRUCTION DETAILS

^NCK

2
3
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

Depth
jfeetl

132
125
125
116
130
128
125
125
152
115
94
100
131
90
125
79
76
76
75
125
80
80
150
144

. 120
103
116
109
100
103
101
90
96

Cased
jfeetj . .

120
113
110
104
118
116
113
113
133
100
79
85
116
75
110
64
61
61
60
110
68
68
112
105
100
81
86
90
80
82
80
75
70

Open
Hole
ilbil

12
12
15
12
12
12
12
12
19
15
15
15
15
15
15
15
15
15
15
15
12
12
38
39
20
22
30
19
20
21
21
15
16

Inside
Di ameter
jinchesl

10
10
10
10
10
10
10
10
12
12
12
12
12
12
12
12
12
12
12
12
12
12
17
17
17
17
17
17
17
17
17
17
17

Drilled
jyear)_

1953
1953
1953
1953
1953
1953
1953
1953
1958
1958
1958
1958
1958
1958
1959
1959
1959
1959
1959
1959
1963
1963-
1969
1969
1971
1971
1972
1972
1973
1973
1973
1973
1974

Well
Capacity
JopnQ
600
600
600
650
600
600
600
600
600
600
600
600
600
600
600
1200
1200
1200
1200
600
600
1200
2100
2100
2100
2100
2100
2100
2100
2100
2100
2100
2100

EXHIBIT 5



- 2 -

Both SDH\ and CERCLA provide for the protection of public health by
limiting exposure to hazardous and toxic materials. The SDWV was not
well designed for administrative or litigative actions against sources of
contamination to drinking water. Program guidance exists that allows for
this type of involvement, but it is unprecedented, possibly cumbersome and
probably time-consuming.

Considering the time frame associated with contaminant movement, the
potential health threat to a large population, the present involvement of
CPA in a related Superfund investigation (Hollingsworth), and the general
structure and intent of .CERCLA, it seems the most practicable means of
addressing the problems that appear inminent is to provide cleanup under
CERCLA. Recovery of expended funds for the necessary clean-up should come
from litigation against contributing sources.

Rapid restoration of the portion of the aquifer that is contaminated
would significantly reduce treatment needs for presently unconLaminated
wells. Pumping and treatment at those wells that are now contaminated or
those that would interupt contaminant movement would reduce treatment costs
to a small percent of ultimate treatment needs.

II. History of Executive - Prospect Wellfield Contamination

During the period of 1977 through 1981, the Hollingworth Solderless
Terminal plant located directly east of Ft. Lauderdale's Executive well-
field is known to have disposed of trichloroethylene via a disposal well
to the upper limestone portion of the Biscayne Aquifer. Discovery of
this situation and the proximity of the Executive wellf ield which serves
as one of the two contiguous sources for the Ft. Lauderdale water supply
system led to sampling and analyses of supply wells by the Florida Depart-
ment of Environmental Regulation in August, 1982. The original 1982
sampling coupled with sampling since that time by consultants, EPA and
the City of Ft. Lauderdale have shown results indicating elevated levels
for trichloroethylene and other two-carbon chain chlorinated hydrocarbons
(all within the definition of volatile synthetic organic chemicals (VOCs).

VDCs, as their name indicates, are synthetic compounds. They do not
exist in nature. They are man-made for industrial purposes. Their
presence in groundwater is a direct result of man-induced contamination,
whether it be intentional or nonintentional. Some of the other two-carbon
chain chlorinated VOCs found in the groundwater are believed to be
biodegradative by-products of trichloroethylene.
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BASI MAPpLdftio/Tift*.
WELL FIELDS LOCATION m~r <•* v.-,lW*mr**?'
MEADOWBROOK ELEMENTARY SCHOOL DUMP
BROWARD COUNTY, FLORIDA

FIGURE 3

IMUS
CORPORATION



Reference 21
C*. IT-

Utilities Division
2401 N. Powerline Road

Pompano Beach, Fla. 33069
(305)971-6220

July 16, 1987
I
* JUL 21 1981

BUREAU OF
OPERATIONS

Mr. A. James McCarthy
Environmental Specialist
Bureau of Operations
Department of Environmental Regulation
2600 Blair Stone Road
Tallahassee, FL 32399-2400

Dear Mr. McCarthy:

Enclosed, please find the information you requested. I would like to
clarify one point. The District 1C plant is out-of-service and will not
be utilized in the future. • The two wells will be abandoned in the
approved manner in the very near future. The wells are on plant site
and are maintained by maintenance crews on a monthly basis. The site is
located on the topo maps for your information only.

The number of service connections for each facility are as follows:

District 1A
District IB
District 2A
Broad view
District 3A
District 3B
District 3C

10,608
3,366

17 ,019
2,199
5,250
6,037
3,646

Should you require more information, please do not hesitate to contact
me at 305-971-6220, ext. 282.

Sincerely yours,

Kathleen B. Reese
Special Projects Coordinator III

KBR/tgt
cc: Michael J. Scottie

Ralph A. Piacente

BROWARD COUNTY BOARD OF COUNTY COMMISSIONERS
Scon I. Cowan Howard Craft Howard F-orman Nicki Enqiander Grossman Ed Kennedy Sylvia Pouter Gerald Thompson

An Equal Opportunity Employer



utilityDbectot Edward Gosdckl. P.E.
Telephonenumber 305-971-6220
Number of tiktlnfl We»«___35________ Number el Propoud WeMt -ir fi .

Location

latitude longitude

lapadt)
Designed
PtMtoage
(Test)

AwcrMgt
ftmtptg*

ToulCXpth
('••U

Casing
0«pth

Sat«n*d
Interval OUmatcr •Casing

Material Aquifer Date Gritted
(Year) Of UUng Company

1A-1 26°10'17MN 80°12'17"W
1200
(1500) 1030 100 72 12 C Steel h'scavne

1A-2
1150
(1500) 1080 100 70 12

1A-3
1100
(1500) 1050 100 89 12

1A-4

1A-5

1150
(1500) 1010 100 76 12
2100
(3100) 2100 94 84 1974

1A-6

1A-7

2100
(3100) 2100 200 69
2100
(3100) 2100 100 75

IB-1 26°12'13"N BO°08'58"W 225 225 110 103

IB-2 225 225 110 103 1957

IB-3

IB-4

IB-5

2A-1

650 650 115 102 8

650 650 115 102

650 650 110 103

26°17'34"N 80*06'57 "W 600
(625) 600 178

1964

1971

1971





Edward GosclcM, P.E.
Ttlcphon* Numb
Number of t Bitting W*Ni NumlMf of Fropoted WoNt

WfeM N*.

Location

latitude longfa rapacit

/ _ . »
FtMtpag*

Total Depth
(Feet)

Casing

(Feet)

Screened
Interval Diameter

(tochet)
Caring

Material Aquifer Date Drilled
(Vear) Drilling Company

3B-2 25°58'30"K 80°11'12"W
930

(1QQQ) 930 100 8 C Steel Biscayne

3B-3
1250
(1800) 1250 130 10

3B-4
1800
(2100) 1800 140 102 18

3C-1
100

3C-2

80

57 us?
3C-3

JKff
80 10

Broadvl W
400 350 112 100 12

Black
Steel 1957

1000
• 360 113.5 100 12 1960

1050
650 115 105 12 1Q79 /i*yu«

1A-8 26010' 15"N 80012 '17"V 2100 inn 75 20

1A-9 2100 100 75 20

3A-5 625038N 761471E 750 110 75 20

3A-6 625040N 761744E 750 110 75 20
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Reference 22 "Vest Palm Beach
1 TurtterM
Z Widgeon orw
3 SlKulerau

( INVERTEBRATES

SI White thrtmp- sz -

63 Sumy ranut dam •£,

6S RoekihrlmpvS»5"-':
W CMKotaUop '.*-
67 Unicaux munel (S)
6* Ft™ corel :,,.-.;- .
« Hon>yeet»r;.'"V':
70 Stony cent
71 - -
72
73 Queen conch • •-
74 Pygmy octopus ' -
75 Atlantic eeoduck
7« Loose catted MM*
77 Atheerm»tllcm .
FISH (100-ZW) .
100 Jack
101 Shark*, skates, rays
102 Grouper
103 MuKet
104 Cattish and buNheadi
105 Snapper
106 SunlMh >nd but
107 Drum
108 Spotted saalrout
109 WMkfhh
110 Sandstatrout
111 Atlantic croeker
112 Red drum

114 Star drum
115 Spot
116 Soutfwn klngf ish
117
118
119 SheepuiMd
120 Soutlwn flounder
121 BkieceKiW
122 White cetfWi
123 Chennel elfish
124 VellowbullhMd
125 Brown Bullhud
126 White creppie
127 BIKk creppie
128 Lwfemouth but
129 Spotted bin
130 Green wnfiih
131 Loneur tunfish
132 W«rmouff<
133
134
135 Striped mullet
136 Redtnjpper
137 Florloe pompeno
138 Bluetim
139 Cooil
140 Atientic ipedefiih
141 Little tunny '
142 SpenMh mackerel
143 Kin« nucKerel
144 SucMfKh
145 Gull nwntwoen
146 Bly anchovy
147 Gen . .
148 Buli.loi

150 Bowfin
151 c*n>
152 KeytHvertlde (S)
153 T«
154
155
156 BooetUh
157 Cere
15* Mutton mapper

~ YeKowUd mpper
Red orouper
Gray i

162 Grunti
163 Atlantic bontto
164 SattfUh
165' Vermman ineppor
166 Wiruw orouper
167 THttilh
168 GreJt bemcuoi
169 Dolphin .
170 Jewfiih
17J Snook
1ft TripHtell
173 Lenetnapper
174 Nanau grouper
175 Black orouper
176 Gag
177 Wnlte grunt
178 -

-180 Plain*
181 Wrauet
182 Pirrotlijh
183 Oimwlfiih
184 Buttl>rflv<»h

159
160
161

LORIDA

1:250 000-scale map of
Gulf Coast

Ecological Inventory

Produced by
U. S. FISH AND WILDLIFE

SERVICE
1982

ACtUATIC ORGANISMS (contintMd)
SYMBOL SPECIES

«BM 'FISH (IOO-299)
209 BliMrumw
204 Atttntklnnud (wring

(ZOS CIWinpfcMnl
) 206 Rivului
1207 Keybwnny
120$ Striped »*
|2M Atunt* itvneon (S)
!210 SmwnnMtea
,211 RMDTttst lunfMi
'212 Spotted wnfMi
1213 Filer
!2I4 ReBfin pickerel
21$ R*d party
216 AUMmumd
217 SklpjKfc Herring
218 Sp«nlth urdine
219 BkWtripe Ihlner (S)
•220 Sheii bra
i221 BlMkmoutn ihlntr (S)
r222 SMtnursft topminnow
'223 CrylUIOVter (S)
224 Hineguln dtrter
225 Okdoou d«rter (ft
226 Fi«tt>e»d cetlijh
227 White, bin

AQUATIC ORGANISMS (continuexJ)"̂ :;,.
SYMBOL SPECIES ' ' •' -',-C^:^

••M FISH '100-2*9) . ' • - •:
247 Hindi
248 Veliowfin arouper
249 Scemp
250 Yelloweage grouper
251 PMometi
252 VMiowieck
253 Bur jack
254
255 Hoolttti
256 " '

a\ REPTILES AND AMPHIBIANS (300-349)
. 300 Green MI turtle (F)

Ml Loggorheed MI turtle (F)
302 HawkjbHI >ea turtle (F)
303 Kemp'l Rldley lei turtle (F)
304 Leatherneck tee turtle (F)

«•*. MAMMALS (350-399)
350 West Indian manatee (F)
1S1 Atlantic oottlinoee dolphin
352 Atlantic spotted dolphin
353 Finbick while (F)
354 Sperm wnalt (F)
355 RioM while (FJ



,^Sjtm'tni^-2 *- 'f- .̂ x* _•*• t -jk"-*"- "-̂ -- *-!'

||3)fplwx.
§3of|x.^438,

LAND USE-LAND COVER SYMBOLS

Study iru (within ttrritori*! limits
of UnitM Slltts)................ Marsh or swamp . . . . . _ -»- ^

Coastal ion* boundary or F«d«al-sl«t«
dnnarcation...................... B«ach/Oun*s.

Spacial land us* areas, including rtfuots
and wildlif* manaoanMnt arws. parks and
SMshorts; may b* ustd in l«u of habitat
boundary.......................... Seagrass.

Subdivision of a special land use area into
more than one designation............. Reef.

POINT AND AREA FEATURE SYMBOLS
Shown in MED lor tcwcws with spKial status. BLUE for
aquatic onjanfems, and SHOWN lor terrestrial organisms.

i Localized concentration ol species.....
I

f Oeneral habitat boundary lor indicated
i species; may be superceded by special
' land use boundary .................

t«0h

GULF COAST ECOLOGICAL INVENTORY
WEST PALM BEACH, FLORIDA

1982



Official Lists of

Endangered and Potentially

Endangered Fauna and Flora in Florida

1 July 1989

FLORIDA GAME AND FRESH WATER FISH COMMISSION

Compiled by Don A. Wood, Endangered Species Coordinator

Florida Game and Fresh Water Fish Commission



Designated scacui1
Scientific Nameb) Common Name FGFWFO FDA> -OSFWS4 CITES'

yi artenuuus -i Silver rice rat E ,L.. UR4
Oryvmjt paiuMris plorurojmj ^ Pine UfaJ rice rat UR2
Oryipmyj poJiurru jomWi Sanibd bland rice rat SSC UR2
Peiamyxui florvianui Florida mouse SSC UR2
PmmjKus foaypaua aUapaticola Key Largo cotton mouse E E
Peromytaa gouypaua anatuuae Anascasia Island cotton mouK UR3
Peromyiaa gauypaua ratriaus Chadwick Beach cotton mouse E UR3
PenmjKtapolionooaaUaphryt Choctawhatchee beach mouse E E
Perompou polionomt deooioroou Pallid beach mouse E URi
Peromjjcuj poliononu (eucocepnouu Santa Rosa beach mouse UR2
Peromytaa polionoau nitcticnihi Soucheattem beach mouse T T
Peromyiaa poUonaaa pemiuulanj St. Andrews beach mouse E UR2
Peromjiaa poluinoaa phasma Anastasia Island beach mouse E E
PoomjKus (ntionoua tnuyUeptit Perdido Key beach mouse E E
Phyuacaiodon Sperm whale E E
Pleooou mfmatfui Southeastern big-eared bat UR2
Pmcyon loot aupiauiu Key Vaca raccoon UR2
Ptocjion lotor incayaa Key West raccoon UR2
Scalopui a/udiicui anasuuae Anastasia Island mole UR5
Scaiofna txpuuiau baui Englewood mole UR2
Sciunu ni(er avtcennta Big cypress fox squirrel T UR2
Scntnu niger thcmani Sherman's fox squirrel SSC UR2
Sifmodon hiipidus eapuaa Lower Keys cotton rat UR5
Sifmodon kupuita insulicola Insular cotton rat UR2
Sigmodon kupidtu luurralu Micco cotton rat UR5
Sorex lonfinwris eionii Homosassa shrew SSC UR2
SyiviUigut flondanui ammopkilui Micco cottontail rabbit UR5
S^vilafus poJuirru he/neri Lower Keys rabbit E UR1
Tamias toiatia Eastern chipmunk SSC
Tricntcfcui manaau laumttu West Indian manatee E E
Umu amenaaua /loridamu Florida bbck bear T* UR2

*Not applicable in Baker and Columbia counties and Apalachicola National Forest



Scientific Named)

Triphora cubauit
Tripnora ftntuuioida
Tripnora Joti/olia

Triphora rickeaii •
Tripfcora rriaitlnapnora

* ^
Tripiaaan flonaanum
Trumeria rri/oliaia
Tropidia polyiiachya
Vanilla lurbeUaia
Vant'Ua ttilioniana
VaniUa inadora
VaniUa mexicana
VaniUa phaeaniha

Vanilla plani/oiia
Vaatnm woodu
Verbena marilinui
Verbena lampenut
Verbama chaptnanu
Verbama heterophyUa

VidaacaJensii
Vfffcjfi ^Mianttt

Victoria Imeata
Vfarea amplaifolia

Wareaamen
Varea xuili/blia
Woodiui aixuta
Vooduiara^a areolaui
Tiyris dnanmondii
"X.JTU uoaifolia

Jiyrii lonfuepala

Jiyris Kabnfoiia

2amia flaridana
Zamia aaegrifolia
Zamia umbnua
Zanlhoxjium flavum
Zephyrantha (all white species)
Zephyrantha timpionii
Zephynnaha tnatioe
Zttia latifolia
Ztxiphw ctiaia

J

Common Name FGFWFC*

Nodding cape (unnamed)
Nodding-capt (unnamed)
Broad-laved nodding-capc;
broad-leaved pogonia

Nodding-capt (unnamed)
Nodding pogonia;
three-bird* orchid

Florida gramagrau
Braken fern (unnamed)
Young-palm orchid
Worm-vine orchid; link vine
Leafless vanilla
Scentless vanilla
Vanilla (unnamed)
Leafy vanilla; oblong-
leaved vanilla

Commercial vanilla
Woods1 false hellebore
Coastal vervain
Tampa vervain
Chapman's crownbeard
Variable-leaf crownbeard;
North Florida crownbeard

Ocala vetch
Halberd-leaved yellow violet
Shoestring fern
Clasping warea;
wide-leaf wares

Carter's mustard
Sessile-leaved warea
Blunt-lobed woodsia
Netted chain fern
Drummond's yellow-eyed grass
Quillwort yellow-eyed grass;

panhandle yellow-eyed grass
Karst pond yellow-eyed grass; '
Krai's yellow-eyed grass

Harper's yellow-eyed grass;
harsh-leaf yellow-eyed grass

Florida coontie
Florida arrowroot
East Coast coontie
Yellowhean
Rain lilies
Simpson tephyr lily
Rain lily (unnamed)
Bristol golden alexander
Florida jujube; Florida zizipriu*

i «m Pi^lisn^li 9+m

FDA>

T
T
T

T
T

T
E
E
T
T
T
T

T
E

T

E
E
T
E

E

T
T

E

T

C
C
C
E
T
E

*WP

USFVPS'

UR2

UR1

UR2
URl
UR2
URl

URl

E

E
UR5

UR2
UR2

UR5

UR2

UR5

UR5
UR5
UR2
UR2

OTES'-

11
11
11

11
II

II
II
11
11
11
II

II

II
11
11

'E — Endangered
T - Threatened
T (S/A) - Threatened Due to Similarity of Appearance
SSC - Species of Special Concern
C - Commercially Exploited
I - Appendix I Species
II " Appendix 11 Species

UR1 ~ Under review for federal listing, with substantial evidence in existence indicating at least some degree of biological
vulnerability and/or threat.

UR2 — Under review for listing, but substantial evidence of biological vulnerability and/or threat is lacking.

18



UR3 - Still formally under review for listing, but no longer being considered for listing due to existing pervasive evidence of
extinction.

UR4 - Still formally under review for listing, but no longer being considered for listing because current taxonomic
understanding indicates species is an invalid taxon and thus ineligible for listing.

UR5 - Still formally under review for listing, but no longer considered for listing because recent information indicates species is
more widespread or abundant than previously believed.

'Florida Game and Fresh Water Fish Commission (list published in Section 39-27.03-05, Florida Administrative Code).

'Florida Department of Agriculture and Consumer Servkes (list published in Preservation of Native Flora of Florida Aa, Section
581.185-187, Florida Statutes).

^United Sates Fish and Wildlife Service (list published in List of Endangered and Threatened Wildlife and Plants, 50 CFR
17.11-12).

^Convention on International Trade in Endangered Species of Wild Fauna and Flora.

SUMMARY

Status Designation

FGFWFC
Endangered
Threatened
Special Concern

Subtotal

PDA
Endangered
Threatened
Commercially Exp.

Subtotal

USFWS
Endangered
Threatened
Threatened (S/A)
Under Review

Subtotal

CITES
Appendix I
Appendix 11

Fish

3
2
11

16

—
~
-

2
0
0
4

6

1
1

Amphibians/
Reptiles

6
10
12

28

~
~
-

5
5
1
19

30

6
1

Birds

9
11
14

34

—
~
~

10
5
0
15

29

2
7

Mammals

21
5
7

33

—
~
-

15
1
0
32

48

4
4

Invertebrates

3
—
4

7

-
~
-

1
1
0
82

84

0
0

Plants

~
—
—

-

136
283
11

430

23
4
0

238

267

0
120

Total

42
28
47

117

136
283
11

430

58
16
1

379

454

13
133

Subtotal 120 146

19
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DEPARTMENT OF NATURAL
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Marjory Stoneman Douglas Building • 3900 Commonwealth Boulevard • Tallahassee, Florida 32399
Tom Gardner, Executive Director

April 26, 1989

Mr. Charles Logan
Department of Environmental Regulation
Room 569-E
2600 Blairstone Road
Tallahassee, Florida 32399-2400

Dear Mr. Logan:

Enclosed is the information you requested concerning
outdoor recreation facilities in Florida. Should you have
any questions or need further information, feel free to
contact me at 904/488-2300.

Sincerely,

Phil Flood
Planner IV
Office of Policy and Planning
Division of Recreation and Parks

PF/sh
Enclosures

APR 27

BUREAU OF fcASTE CLEANUf»
.Twin Towers

Administration Beaches and Shores Law Enforcement Marine Resources Recreation and Parlu Resource Management Stale Lands

Bob Maninez Jim Smith Bob Buuerwonh Gerald Lewis Tom Gallagher Doyle Conner Betty Castor
Governor Secretary of Suit Attorney General SUIT Comptroller &uie Irenuirr CommrMioncrof Agncuhurc CommnMOfierof EducaiHm



COUNTY UNIT ID -SITE

H.JIlJ.I JaMM I «_« I I J > I J . . > , ll Jvlf It...
RECREATION ANO PARKS MANAGEMENT INFORMATION SYSTEM

FACILITY -INDEX BY COUNTY / UNJT ID/ SITE-ID ———.

UNIT NAME SITE NAME ADDRESS

BROW M0094A 00 HOLLAND PARK

B«O» M009S2 00 SAILORS POINT

HOLLAND PARK

SAILORS POINT

BROW N009A2 00 1 STH STREET BOAT RAMP ISTH STREET BOAT RAMP

JOHNSON STREET
ANO STH AVENUE
ON INTRACOASTAL WATERWAY

-HOLLYWOOD.____________

9TH AVENUC
ANO NORTH CAKE DRIVE

.ON NORTH.LAKE_ ..
HOLLYWOOD
1770 SE ISTH STREET

-ON-STR.ANAHAN RIVE* _ ._.._ .
FT LAUDEROALE

-BROW -. MOO993_-OO - HOUSTON PARK/DANI A. YACHT CLUB - -HOUSTON .PARK/DANI A. YACHT. .CLUB _ 9 SO HE 3RD.STR£*T.

BROW MOIOO6 00 BOAT RAMP

BRO« MOIOI9 00 GEORGE ENGLISH PARK

BOAT RAMP

GEORGE ENGLISH PARK

DANIA

~NE~i-TH TERRAci
AND 29TH STREET

..OAKLAND .PARK____.....

1101 BAVVIEW ORIVI
ANO SUNRISE BLVD

-ON MIDDLE.RIVER———
FT LAUDCMMLC

BROW M01023 «0 7TH A BOAT RAMP 7TH AVCNUC BOAT RAMP

.__.. BROW——MOIOS3 __OO —OONALOSON PARK- ————— - -OONALOSON -PARK

.„ STREET

BROW MOIOS* OO SPOILS AREA SPOILS AREA

BROW M02333 00 ALSDORT MAT LAUNCH PARK ALSDORF BOAT LAUNCH PARK

BROtt MO32«9 00 HOLLYWOOD MARINA HOLLYWOOD MARINA

FT LAUTCHMLe 33319

..900 NW «3R9 AVE*U!
ANO COCONUT CREEK PARKWAY

COCONUT CREEK

S.NO STREET
AND 31ST AVENUE
ON INTRA-COASTAL WATERWAY

.POINT_____._..

NE I»TH STREET
ON INTRACOASTAL WATERWAY

POMPANO BEACH

700 POLK STREET
_ON.NORTH.LAKE__

HOLLYWOOD

PAGE IO



COUNTY UNIT ID SITE UNIT NAME

RECREATION AND PARKS MANAGEMENT INFORMATION SYSTEM

FACILITY INDEX BY COUNTY A UNIT !O/ SITE.ID ————

SITE NAME

PA at II

ADDRESS

'Ji
i J

1 I

I

] T

'•

1'*

<>

n

u

?
T

11

•''.
jl

I;

i\
r-

i

BROW SOOIO7

BROW X00268

BROW XO03O9

BROW X00867

BKOW XOO8R9

BROW XOI3I2

BROW X01354

BROW XOI747

BROW XOIT9S

BROW XOI902

ORPO009-3

COUNTY UNIT ID

OO LLOYD BEACH . JOHN U. LLOYD BEACH
STATE RECREATION AREA

00 RROWARO MARINE BtOWARD MARINE

00 C»LM AC MARINA CALMAC MARINA

•• MBOOLOS BOATS — HCROLOS BOATS -

OO HILLSBORO INLET MARINA HILLSBORO INLET MARINA
BOATING AREA BOATING AREA

OO LOUS TACKLE AND MARINA LOUS TACKLE AND MARINA

0* MM MA »* MARINA B4

OO ••MOM MARINA RAMCOH MARINA

•• MWEMEENB MARINE HCVEMEN* NMItNE

OO SEA LAND MARINE BASIN SEA LAND MARINE BASIN

FLORIDA DEPARTMENT OF NATIMAL RESOURC
RECREATION AMD PARKS MANAGEMENT INFORMATION

—....— FACILITY INDEX BY COUNTY -/ UNIT ID/ SITE
SITE UNIT NAME SITE NAME

6S03 NORTH OCEAN 3RIVE
ON ATLANTIC OCEAN AND
INTRACOASTAL WATERWAY
OANIA 33004 - -- ————

1601 SW 20TH STREET
ON INTRACOASTAL WATERWAY

FT LAUOEROALE 3333 S

491 RAVENSWOOO ROAD

FT LAUOEROALE 33312

1 tt>- EAST LAS OLAS BLVO
ON 99X11 MtVEM

2635 NORTH RIVERSIDE DRIVE
ON INTRACOASTAL WATERWAY
POMPANO BEACH 330*2
3463 GRIFFIN RQAOON ATLANTIC OCEAN
F '̂LAUOEROALB ~333i 2 "
9M» SR 84ow NEW 111 veil ..
FT LAMMROALE 33312

FT UNHMMMLE 3331 2

»«•• SR ran *e* RIVER
JtT.iJMWEROALE 33316 .

FT LAWEKWAL* 3331 S

FT. LAUOelWALE 93312

ES
SYSTEM

.. ID • — -

ADDRESS

04/2S/17 OSS5I

BROW XOZ324 M YACHT HAVEN MOBILE HOME PARK YACHT HAVEN

<{ BROW X026«? •• LAUPBROALE SELF SERVICE LAUOEHOALE SELF SERVICE

'2323 STATE ROAD 0*
ON MM "IVER

—fT, tAMMMOALE.

|««t «T t*TH STRESTa* Mt* MVCM
FT LAWOERDALE 3331 S



BRCM XOI747 00 *«M«OM MARINA

BOOH XOI793 0* mveRSCND MARINE

RAMCOH MANINA

RIVERBENO MARINE

BROM XOI902 OO SEA LAND MARINE BASIN SEA LAND MARINE BASIN

•w New Riven
I-T LMIOEROALE 33316

IBIS ftt «»TM STREET
ON MCW HI WCII

FT LAU9ERDALE 3331 S

27«a M, «5IM TEKRACE
ON SOOTM ?0«K BF TW

FT. LAUOEROALE 33312

3RPOOO9-3

COUNTY ONIT 10 SI TB __ UNIT NAME

BIKHf X02324 OO TACHT *HAVCM WMILE ~

FLORID* DEPARTMENT OF MATU3AL RESOJ9CES
RECREATIOM AND PARKS MANAGEMENT INFORMATION SYSTEM

FACILITY INDEX BY COUNTY / UNIT ID/ SITE ID

SITE NAME ADORESS

YACHT HAVEN

BAM X02647 M MMMttNML* «*• *HH»lCe

BOO* VOO6B9

BROU V00692

SERVICE

0» LAUDEHOALE ISLES L»«RWR»A«.E ISLES
YACHT AND TENNIS CLUB ——— - ——-YACHT AN* TCHNIS CLUB

OO FORT LAUOERDALE -
SMALL BOAT CLUB

8HOB Y00837 OO RIVER VACMT CLU8

BROU VOIBI7 OO OLYMPIS CONDOMINIUM

-FORT.LAUOEROALE
SMALL BOAT CLUB

NEW RIVER TACHT CLUB

OLVMPIS CONDOMINIUM

FT. LAUOCROALE
I BO I M *OTH STREET
ON N6» «I»«R

FT LAUOEROALE 33319

•HALE HARBOR LANE
ON ME« RIVER
FT LAUDEROALE 33312

_.. I74O S* 4 2ND STREIT

FT LAUOERDALE 3331*

3OOI' SR 8*
ON MEM RIVER

. . FT LAUOERDALE 33312

SOO THREE ISLAND 9LVO
ON INTRACOASTAL WATERWAY

HALLANOALE 33009

04/2S/S9 0»:SI
PAGE 12



HECH6AHJN AND PAHKS MANAGEMENT INFORMATION SYSTEM

FACILITY .INDEX BY COUNTY /-OMIT ID/ SITE ID

»A(,t I

; COUNTY UNIT ID

' BROIt COO296

BROM CO03OI

[ ' BROW MOI047

! J

; J.

•fl

:_' 9RO> NO 23 3 9
?c
71

:• BRO* MO3796
: i

V: BRO* MO%OOI

' . ...BROIt M0467I.
n
j;

"• BROW SOIOS5

BROW SO 1066
.!

4t.

! BROW SOI057

SITE 'UNIT NAME

00 MARK HAM PARK

00 TIGER TAIL LAKE

00 WINFIELO PARK

00 COLOHATCHEE NATURE PARK

OO TAMARAC VETERANS PARK
AT CYPRESS CREEK COMMONS

00 MARGATE MARINA

-00 .GATES. OF. HILLSBORO PARK

»« MM* T**N ACCESS AREA

00 WEASEL TRAIL ACCESS AREA
BOAT RAMP

00 STUB CANAL ACCESS AREA
. . . . . BOAT .RAMP . . . . . . . .

SITE NAME

MARKKA* PARK

TIGERTAIL LAKE

WINFIELO PARK

COLOHATCHEE NATURE PARK

TAMARAC VETERANS PARK
AT CYPRESS CREEK COMMONS

MARGATE MARINA

GATES OF. HILLSBORO. PARK

TERRY TOW* ACCESS AREA
BOAT RA-*P

'Hffijj.:***"- *ccess AREA

... M!gt̂ *a*L **«*•• *«6A

ADDRESS

1 6001 STATE RQAO 4*
DM MOHftt mm RtVC* CA1AL

. F.T. LAJOERDALE - .. ..„ ... ........

«8»l SV RAVENSWOO9 ROAD

HOLLYWOOD

WtNFIELD BOULEVARJ

MARGATE

MARGATE

I»7S NE ISTH AVE
AND «2NO STREET
ON SOUTH MIDDLE RIVER

7829 SOUTHGATE 9L*O
ON CTPRESS CREEK CANAL

TAMARAC 33311

NW 1ST STREET
AND. ROCK ISLAND ROAD
ON CANAL I*
MARGATE

• 000 BLOCK OF N« » TM ST

ON HILLSBORO CANAL
DCERFIELD BEACH

•s xr
OM New m-Wt CANAL L-35W

NORTH OP. ANDY T3WM _. ......

V* « »f t» MILE BBNO

afg.CRi'3U ciAT *""* *"*
JMHtl O* <N*I lOBN

——SaaHUMMKBt̂ CJMlOL L-3S

ANOV ffOVN

ORPOO09-3

COUNTY UNIT 10 SITE UN! T NAME

FLORIDA DEPARTMENT OF NATURAL RESOURCES
RECREATION AND PARKS MANAGEMENT INFORMATION SYSTEM

FACILITY INOEX BY COUNTY / UNIT ID/ SITE ID

SITG NAME ADDRESS

BROW SO 1068 00 SPIU.1MV HA ACCESS AREA

BROW soio69 •• S*»«RASS RECREATION AREA

SPILLWAY IIA ACCESS AREA

SAVGRASS RECREATION AREA
BOAT RANP

OFF US
HATER CfftSCKVATIOf AREA
OH M€* RtVCH CANAL L-38

US 17
WATCH COtSCItVATIOM AMEA 2
ON NEW RIVER CAMAL
ANOYTOVM

O4/2S/89 01131
PAG^ 10



BRIM SO 1065 00 TERM V TOWN ACCESS AREA
•OAT RAMP

BROW SOI066 00 WEASEL TRAIL ACCESS AREA
BOAT RAMP

BROW SOI067 00 STUB CANAL ACCESS AREA
BOAT RAMP

TERRY TOWN ACCESS AREA
BOAT RAMP

WEASEL TRAIL ACCESS AREA
BOAT RAMP

STUB CANAL ACCESS AREA
-BOAT-RAMP

US XT
OM New HIVE* CANAL L-39W

NORTH OF *NOV T3WN

US 27 AT 2ft NILE BEND
HATCH CONSERVATION AREA 2-A
ON NEK RIVER CANAL
MOUTH Of HHOTTOKN

US 2T
ON NEW RIVSR CANAL L-38

NORTH AMOVTMN

3RPOOO9-3

COUNTV UNIT IO SITE UNIT NAME

FLORIDA DEPARTMENT OF NATURAL RESOURCES
RECREATION AND PARKS MANAGEMENT INFORMATION SYSTEM

FACILITY INDEX BY COUNTV / UNIT ID/ SITE ID

SITE NAME ADDRESS

O4S2S/89 09:3)
PAGE 10

BROW SO 1068 00 SPILLWAY HA ACCESS AREA

8ROW SOIO69 00 SAWGRASS RECREATION AREA
BOAT RAMP

SPILLWAY IIA ACCESS AREA

SAWORASS RECREATION AREA
BOAT RAMP

BROW SOI070 DO ANDVTOWN ACCESS AREA BOAT RAMP ANDYTOWN ACCESS AREA BOAT RAMP

BROW SOI07I

BBO* 501073

00 ALLIGATOR ALLEY BOAT RAMP-

00 NEW RIVER CANAL
NORTH BOAT RAMP

BROW SOI 325 00 SEWELL LOCK BOAT RAMP

BROW S01326 OO MACKS FISH CAMP

BROW SOI40S OO NEW RIVER CANAL ——— -
SOUTH BOAT RAMP

ALLIGATOR ALLEY BOAT RAMP

NEW RIVER CANAL
NORTH BOAT RAMP

SEWELL LOCK BOAT RAMP

MACKS FISH CAMP

————— - NEW RIVER CANAL
SOUTH BOAT RAMP

Off «• *t
WATER CONSERVATION AREA 3
ON NEW RIVER CANAL L-38
ANDYTOWN

US 27
WATER CONSERVATION AREA 2
ON NEW RIVER CANAL
ANDYTOWN

US 27 NORTH OF SR »4
WATER CONSERVATION AREA 3
ON NEW RIFER CANAL
I MILE NORTH Of ANDYTOWN

SR 84
WATER CONSERVATION AREA 3
ON M I A M I CANAL C-l 23
WEST OF ANOYTOHN

US 27
ON NEW RIVER CANAL

3 MILES NORTH OF ANDYTOKN -

1 MILE W OF FLORIDA TURNPIKE
AT SEWELL LOCK
ON NEW RIVER CANAL
PLANTATION

US 27 AT OADE/BROWARO
COUNTY LINE
ON MIAMI CANAL
WEST OF MIRAMAR

US 27
ON NEW RIVER CANAL

2 MILES NORTH OF ANDYTOtfN

BROW SOI427 OO S-36 BOAT RAMP

BROW 501*28

BROW SOI444

00 S-fl BOAT RAMPS

5-36 BOAT RAMP

S-8 BOAT RAMPS

OO EVERGLADES HOLIDAY PARK EVERGLADES HOLIDAY PARK

PROSPECT ROAD
ON CANAL 13

LAUDERDALE LAKES

NORTH SR 84
WATER CONSERVATION AREA 3

. ON MIAMI CANAL
WEST OF FORT LAUD'ROALE

OFF US 27
ON SOUTH NEW R1VE3 CANAL.

SOUTH OF ANDVTOtfN



ORPOOO9-3

COUNTY UNIT ID SITE UNIT NAME

FLORIDA DEPARTMENT OF NATURAL RESdJ4CES
RECREATION AND PARKS MANAGEMENT INFORMATION SYSTEM

FACILITY INDEX BV COUNTY / UNIT ID/ SITE ID

SITE NAME

04/25/89 09:33
PAGE II

BRO* X00923 OO THIN LAKES TRAVEL PARK

, | BRCM X0294I OO AQUA GOLF RV PARK

BROW XOJO99 OO EVERGLADES HOLIDAY PARK

THIN LAKES TRAVEL PARK

AOUA GOLF RV PARK

EVERGLADES HOLIDAY PARK

3O5S BURR IS ROAD
S« 9* AND SR 71
ON TWIN LAKES
FT. LAUOERDALE

1970 S PARK ROA9

PEMBROKE PARK

219*0 GRIFFIN ROA3
OFF US 27

FT LAUDERDALE 31932

I I
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LATEST
EDITION

OF

FORTLAUDERDALE
INCLUDING

• HOLLYWOOD • POMPANO BEACH
• HALLENDALE • DEERFIELD BEACH
• PEMBROKE PINES • MARGATE
• PLANTATION • CORAL SPRINGS

And 20 other cities in Broward County

^

OF

FORT LAUDERDA
INCLUDING

• HOLLYWOOD • POMPANO
• HALLENDALE • DEERFIELD
• PEMBROKE PINES • MARGATE

> PLANTATION • CORAL SPF
And 20 other cities in Broward Co

™?E
OH.. . .Ml
XWMIM „
WfmtW.

DISTRIBUTED BY
SUHF & SAND MAP CO.

2101 Star-key Rd
Largo. Florida 33541

Telephone [81 3) 535-4354

DISTRIBUTED BY
SURF & SAND MAP C

?101 S:.arkey Rd.
Larrjn Florida 33541

Telephone (R13) 535-4324
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* TARPON continued

the Fort Myers power plant, or at the FeWa
Locks nearby. The saltwater side of Cape
Coral's residential canals often hold small
tarpon, too.

Along the eastern seaboard, certain areas
of Biscayne Bay are sometimes loaded with
tarpon, big and small. You're taking your
chances at Government Cut when you fish
for tarpon early in the morning during late
winter and spring. Most of the tarpon you
hook won't be small—but lots of little ones
are sometimes mixed in with the larger fish.
Farther south in the bay, the cooling canals
of the Turkey Point power plant often hold
baby silver kings, especially during the
cooler months and along from early spring
up until summer, lots of small tarpon can

Don't worry
about building
the complex
leaders used

for larger
tarpon. They

aren't needed.

be found on the grassy flats near Broad
Creek and other oceanside spots on down
.toward Key Largo.

In northern Biscayne Bay, look for tarpon
around the bridges at night. They like to
hang in the dark water just outside the
circle of light from the bridges' streetlamps
slurping shrimp and other goodies that
flow by on the tide.

fort Uuderdate's NbVth New R ver is of-
** loaded with small .tarpon, specially
wit upstream. And on up the (oast, you
can still locate fish in the mosi [uito im-
poundments on Hutchinson Island be-
tween Jensen Beach and Fort Pierce.

Perhaps the best way of determining
what tackle to use for these fish is to figure
out where you'll be fishing.

If you intend to fish the backcountry of
Southwest Florida for small tarpon, for in-
stance, it's almost certain you'll be faced
with casting around low-hanging man-
groves. Since the fish you hope to hook are
54 HOIMM SPO*TSMAN/ApcH IW

so active, you'll need to boost your tackle
into the 12-pound class to have much of a
chance of one. A stiff rod is a necessity in
the backcountry and while I prefer bait-
casting tackle, you may opt for spinning
without handicapping yourself.

Where Rick's tarpon were located, out in
the middle of a shallow grass flat in Florida
Bay, almost any kind of tackle will work but
if you really want to have a ball, try flycast-
ing gear. Don't worry about manufacturing
the complex leaders flycasters insist upon
using when their target is a big silver king
because it simply isn't necessary. Rick uses a
five-foot length of 50-pound-test monofil-
ament for leader during his small-tarpon
outings. "I'm not after any records," he
notes, "and the fun is in watching them
jump and run. I want heavy enough line so
that after a short battte, I can land and
release the fish without tiring it to exhaus-
tion. The 50-pound gives me plenty of pro-
tection against fraying, too."

If you prefer a more traditional leader
system, a short piece of heavy monofila-
ment shock leader in front of the tippet is
necessary to keep the line intact. The raspy
mouth of even a small silver king makes
short work of light line. A floating, weight-
forward line is adequate for most such
shallow-water fishing. Long casts are sel-
dom required in the murky water where
many tarpon are found, but can be useful
when the fish are in dear water.

Tarpon will attack a variety of flies, in-
cluding popping bugs intended for bass,
but my mainstays are streamers tied on a
2/0 hook in white, white-and-red or red-
and-yellow.

Plug and spin anglers should give surface
lures the first opportunity when fishing
baby tarpon because the strike is so spec-
tacular. If that doesn't work, crankbaits and
floater-divers are both great tarpon attrac-
lors. Failing that, jigs or bait may work when
everything else fails.

As in any tarpon fishing, there is great
debate over when an angler should try to
set the hook. The inside of the mouth of a
tarpon is about as hard as concrete and you
can start the hook-setting process by insur-
ing that your barbs are needle-sharp. From
there, I usually wait a second after the
strike, until I feel the weight of the fish,
before trying to set the hook. Plenty of
tiny tarpon have been solidly hooked,
however, by anglers who strike the fish
immediately. You pays your dues and takes
your chances.

As fun as they are to catch, juvenile tar-
pon can, at times, be frustrating. Rolling
fish may be surfacing all around the boat,
but not buying anything you throw at
them. When you find yourself in this situa-
tion, about the only thing you can do is
maintain your cool and keep casting. Soon-
er or later, they'll turn on and when they
do, liny tarpon can hook you as fast as
they did David. FS

= RAY JEFFERSON =
Mtfn ft Cotton Ste. • MiNfc. M1M87
Division of J«tronlc InduttriM, Inc.

Ray Jefferson's Color Video
Product* Available at ThtM
Florida Dealers
CAPE CORAL
Tad't Marina
1510 S.E. 46th Street
(813) 542-3422
CLEARWATER
E-7 Electronics
1608 N. Ft. Harrison Ave.
(813) 446-7620
Gulf Marine
405 N. Ft. Harrison Ave.
(813)442-5175
HIALEAH
Oceanic Marine
887 S.E. Okeechobee Rd.
(305) 887-7550
KEY LARGO
Mariner's Cove Marina
103200 Overseas Hwy.
(305) 451-1030
MARATHON
Mariner's Cove Marina
4711 Overseas Hwy.
(305) 743-0029
MIAMI
B&FMarine
1991 N.W. 27th Ave.
(305) 638-3614
BAP Marine
7100 S.W 40th Street
(305) 662-2858
El Capitan Sports
1590 N.W. 27th Ave
(305) 635-7500
HNR Marine
4212 W. 16th Avenue
(305) 556-3998
River Marine Supply
275 S.W. 6th Street
(305)856-0080
NAPLES
B & S Marine
7708 Trail Blvd.
(813) 598-9633

PORT ORANGE
Discount Bait & Tackle
4484 Ridgewood Ave.
(904)761-6571
TARPON SPRINGS
Sigma Marine Supply
950 Roosevelt Blvd.
(813) 934-0794



III!! 11

•j mm i lii

S~:W^ '̂'';^-"^



r,•r
Reference 26

U. S DlPAKIMfMI 01 SCBVICC. CAINESVILIE. riODlOA

3

,

/ :• ,• • !, i, i, J^; ^
I . ' • • • . ' l ' < f-r-

\ - 3 . S

R-fllA^/i/i/

- YEAR 24 - HOUR
RAINFALL (INCHES)

IN
Alabama, Florida, Georgia and South Carolina

10
—!_

20

Approx. Scale: 1:600,000 or .10 Inch = I Mile
Ref: Technical Pacer No. 40. Weather Bureau

.•;*••*••

4.5

6-73 4-L-33I37 43 of



DATA COLLECTION
AND DOCUMENTATION

TECHNIQUES FOR HRS SCORING OF
HAZARDOUS WASTE SITES

MARCH, 1987

Prepared By

NUS Corporation
Superfund Division

In Cooperation With

U.S. Environmental Protection Agency
Investigations and Compliance Unit
Region IV
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PERM IT NO .
V. A

»*» •«•*•
.-,-.1-: i,..,*•./

C0//S
ftff$£±

LL'i*,

T*

MILL MTT1*M kM

/'v

ikitai BlKfc StuLt)̂ XP^ffgftfo'fP'1 S»hr.( ) PVCtJ Fiotrfluc ( )

Irml put frM (ft.) to î*^
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rWELL COMPLETION REPORT >v
^•>^'CA-|5J>r'l 'f$'t>O rit*J

WELL PERMIT NO.
ft 333/D-

- . . . . : . . - . . - •
.'TYPE OF WORK: Construct OQRep§ir( ) Abandon i{ )

WELL USE Domestic Wen ( ) Public ( ) Monitor (» Test ( )'
)FmWeO( ) Other

METHOD: Rottrywitfi MUD () or Air (J, Cable Tool ( ),Jet( )
(%OthtfS4il?J

^STATIC WATER Î VELSIfLFLbetowtopotc«»Jng

PI WPSI7P' H P .'

-̂ Ul»» TYPE -̂ ^ ' INTAKE DEPTH;
.GPM

County.
»tf.

Cutting* Mfit to District? (i) Yes-li

Cj»mB Dtptti Total

Gram

town
aft
J-ft

S'

CMifVl

t".

Depth <tt)

From To

IV-Z.

2,'

DRILL CUTTINQS LOGraon.
or M tomwlion cMnoi-
Gw» cotor. ymm tin, end
Not* ovritiw. ocpth to

5-7/A

oi\*i-i> if.
•< a. i// .

Casing: Black Steel (,) Galv. (, ) PVC (XjFlberglass ( )
':-• «*«•"• Typ> /'t/^ v Singly* 0. OJ •* ^ -

.%i Screened from ' ^- ~ '̂ (ft.)
IO -0S=J^*.K LOCATE IN SECTION

I It 9*10 fl̂ ftP I* Wffll lOftIW101^ 19 OlTTfrf^Wi

r Type of grout with % additives L4*
Wiitor ri««r AVI rV(Mnr«rl f > QitlnKur f \Caltvf > lrr>n f ^



£T7jJ»74 WELL COMPLETION REPORT CONSTRUCTION PERMIT

^!v!l:» Mr '.:,-. -'i ::•; . " - '' . : • • • • " ••• .. ^ •--'•' fv-s

CARD-DISTRICT
NO. —————————————————————— SHEET-DRILLER

Owner Addre*. City Stale Zip I

Mi .'ton • ' . • ; ! ) ." "i;'--? 1'-'. <-'•'-.?:> or*
Comracton Name LicenM No. Cc

Driller* Name Regiatration No.

TYPE OF WORK: Construct ( ) Repair ( ) Abandon ( )
WELL USE: Private Well ( ) Public ( ) Monitor ( ) Test ( }

Irrigation ( ) Fire Well ( ) Other ,'.'.' '_. .
METHOD: Rotary with MUD ( ) or Air ( ). Cable Tool ( ). Jet )

Casing Driven' ( ), Other
STATIC WATER LEVEL • Ft. below top of casing
PUMPING WATER LEVEL Ft. after Hrs. at GPM

PUMP SIZE'' '•' •'•"*"•' V; H.P. CAPACITY GPM

PI IMP TYPE INTAKE DEPTH
From top ol ground /

LOCATION | ——— i ——— | ——— i ——— j J*
Located Near —————————————— j

—————— Ifnaunty Bruwarri . / T
Sec. 5. TV. A -•••/:> W/' 1
V4 _ 1/4 Section Townthip Range

Outtlhflsienl to District? ( ) Yes ... \

Mo c r̂î s«n< -COLLECT" wiM be Accepted . WCATE IN SECTION ^ /•.•-;'
'•̂ •WliijPWS WWai aMa)di • eHe aves) M weN localtoM la iBIIeieiiil *nei aNe ̂  -'

unptetion Date Well No. Total Depth

Grout

Thick-
n«»4
Depth

1" y,

CMIng
Screen

Dlam.

Depth

I

Casing: Blacl
Screen: Type
Gravel pack fi
Typeofgrou!

Depth

From

-

L. •

' .t!

(It)

To

in

' r \

.. • '

.,..
/ w

DRILL CUTT1NO LOO
Eurnln* cuMng* tMfy » H. or at
lomuiioncfunoM.
Give color, grain *ii*. and type ol

Mole civiUM. eeplh to producing
lone*.

Sr-l

•j ti » .1 < •

SantJ

Li.r.c;t!).-c ————— —

(Steel ( ) Galv. « ) PVC ( ) Fiberglass ( )j.,;̂ .'
H t A • ' * + • • ' ' • """**;N/A Slotalia .V,*'V. '-'£»|
ram IH 1 Ift ' « ̂  ' "^& flLliBi

wllh%Addl„„„. Neat cement -'̂ v l̂lS
1 " - -^:A;r\:,siByiSH(Wwdwii

i

IK
4^



WELL COMPLETION-REPORT CONSTRUCTION PERMIT NO.. CMUVCMmuCT

333?7
, Jtt,

/

t/)
/

TYPE OF WORK: CortstrucU") Repair ( ) Abandon ( )
WELL USE: Private Well (/) Public ( ) Monitor ( ) Teat ( )

Irrigation Y) FlreWell ( ) Othar___________
METHOD: Rotary with MUD /) or Air ( ). Cable Tool ( ). Jet ( )

Casing Driven Xj.. Othar ________________
STATIC WATER LEVEL _
PUMPING WATER 1EVEL
PUMP SIZE ̂ .

.Ft. after.
I.P. CAPACITY.

•AKE DEPTH
From lop of ground

/**

^ ?U
b*

•«»- •«\>i S
*2 -

•

l\
acA ,̂

location on permit application. ^m alto

We* No.

TMek-
4

Dwtti

(to

To

OMucurmMioa
• Mfcaral

Casing: Black Steel ( ) Galv.
Screen: Type _________
Gravel pack from ________.
Type of grout with * Additives'
* of bags of cement /

PVC ( ) Fiberglass ( )
Slot size _________

.(ft)

/?£•*-

STT ,̂24 WELL COMPLETION REPORT
.1

CONSTRUCTION NO.
CARD-DISTRICT r
SHEET-DRILLER- •''.'

Owner CUT Zip

Contractors Nama UoantaNo.

/ ft

TYPE OF WORK: Construct </) Repair ( ) Abandon
WELL USE: Private Welly ) Public ( ) Monitor ( ) Test ( )

' Irrigation K) Fire Well { ) Other___________
METHOD: Rotary with MUD Of or Air ( ). Cable Tool ( ). Jet { )

Casing Driven Y). Other ___________:_____
STATIC WATER LEVEL 5? ' Ft below top of casing
PUMPING WATER LEVEl3/V fa

PUMP SIZE _______ H.P. CAPACITY _________GPM
.INTAKE DEPTH

•LOCATION
From top ol ground

JL
County

1/4 1/4 /.Sactk
"•>.: .'••?'*?'•

Township Hang*'•
L»1lloo» - Loogiltxt*

Cunings sent to District? ( L-Yes
NO

( L-
n LOCATE IN SECTIONNo cuttings sent "COLLECT" will be accepted

Note: PWS Wells attach a site map If well location Is different from site
lOCMIon on ftarmlt I

Wall No. Total Dtp*

Qrout

TMek-

'"-^

W

''

. . ' •

Caving
Scraan
1
Diam.

&

7?
> ( ?/X

Daptti

From

ft

1%

31

<n»

To

I?

£/

^

IMILL curriNO LOG
Eumln* culhngt Mwy 20 It or M
kmnaHon Ownon.
CM color, orMi MM. tne typ* of
•uWriM.
Noit cavHiw. oapm to producino
tOKM.

^#A)r\
n,-,ML "7?^>J^
^••jqL "2 /̂>^

Casing: Black Steel ( ) Galv. \/) PVC ( ) Fiberglass ( )
Screen: Type _
Gravel pack from.

Slot size.
-(ft.) to. .(tt.)

Type of grout with % Additives /^^
# of baas of cement /_____



i»*6VlirCOMPLETIDNl REPORT -
>*- * '- - -i, , ..____ £ . *' . . - - -•

^S&'lnc. ': T300 S.W. Sfst LanV

PERMIT NO. S.

it*
1044-" • • " " "Ma? 8. 19P6

;Jrrl|iti«)(x)
trill I ) Fin ttll () Otter '

iry ( K Cafc.i Tool I ) Jit ( ) CoohiMtiM ( I

FU of tor __;- Hn. at
fi50

S*.H:*21st La

Blitrict? ( ITrt
CMikfi llwk 8tttW« fialv. ( ) PVCt I Fibtr|UM ( >
BcrtMi Tm • •'. ' "~if ' ~: ';' '_ Wot »in_
Brml IK! frMr Jfkl to (ft.)
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.W. 10th Court Ft LaderdaT e FT

.--. v ' Uatnut Ntt^*^ '
i -

Sand and 1and>fm

below top of casng r;- ,.I •:•-• ^»- .-^^ ... >»,. • -it.••'.-' Sandstone andVHme-
stoneV- some" ighel 1

®«^^::!W'%A'.'-i'.'-iva-!a- , * - . . . • • . . . • v , k J i ? -

e i* Ft.'; vw^;s^f
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~v. WELL COMPLETION REPORT
&',>:*•;•:.,>*' - . . : , - - -

CONSTRUCTION PERMIT NO. .'.rOJ'055. • SHEET-OMLUn :'•> .

f, fl
•••*...'

bom* No. «MINo.

ntpivtrMlon No.

TYPE Of WORK: Construct (yj Repair f) Abandon i
'vVELL USE: Private Well ( ) Public (} Monitor ( )>est

) Other _____
METHOD: «0«8fyw»th MUD (x) or Air ( ), Cable Tool ( ), Jet ( )
î 3%£* Casing Driven ( ). Other "____ ''' '
JBTATIC WATER LEVEL A________ Ft below top of casing
PUMPtNQI WATER LEVEL 7 Ft. after -2 Hn. at J$QQ_OPM

T'T1" " ''" ____H.P. CAPACITY 550 0PM
laL-Xucbd-fUKE DEPTH 35*

•Mom top ot pound
LOCATION,-*: ;.;-•.;-.•

* LAeatedNlW^ fcftA OU . C" PI

SS-Sy^ftpoward————;——
'"•yrrrBjtisr*''ft;-'':" <ng L9v

LOCATE m SECTION

i»srttoDistrict7 ( ) Yes .
V rt-tsSS?jfĉ '̂,.'o- •' ••'' :" '-V °

No cuttings sent -COLLECT will be accepted
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Green to Brown ea

• . • • .
^ I fi \f llff i ^Pf^ flQI^ rt C ̂ n ̂

streaks (soft) -"
Pirn to hard sand
tone^ some voids
water loea* ———
Fi5*m to hnrrl
sandstone (gray)
voids ic water IDS
Cj>en Ktile •

Casing: Black Steel ( ) Galv. ( ) PVC ( ± Fiberglass ( )
n: Type ___________ Slot size _________

Gravel pack from._______
Type ol grout with % Additives
* of bags of cement 35—

.(ft) to. .(ft)

Bentonite
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U.S. ENVIRONMENTAL PROTECTION AGENCY
OFFICE OF EMERGENCY AND REMEDIAL RESPONSE

C E 1 C L A

M.2 - SITE MAINTENANCE FORM

i ID:
T£ NA1E: F T ^ ^ j t - - d 3 j * A l l L - SOURCE: .

DIST: .{•

TY: jL--xa&s —— - ZIP:
:TT NAME: _ .&<&&!J*L..jl __ / CNTY CODE:

.̂l/V /_3_3 LONGITUDE: ©_/J./.i|.

'SA: .._ HYDRO UNIT: ___.__

.VENTORY 1*0: _ REMEDIAL IND: . REMOVAL IN?: _ FED FAC IND:

•L INO: . NPL LISTING DATE: __/._ NPL DELISTINS DATE: _./_.

•PROACH: _ SITE CUASS: ._
;TE/S«»ILL IDS: ._ _ __ .. __
'H'NAME: ___...____.._ RP/1 PHONE:
lOXIN TIER: i__ REG FLD1 : _____ RES FL02: _

:SP TERM: PENDING (_) NO FURTHER ACTION <_)

tf DISP: NO VIABLE RESP PARTY <_) VOLUNTARY RESPONSE (.)

ENFORCED RESPONSE (_) COST RECOVERY (.)

:TE DESCRIPTION:
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